(43) 

2001^4^5 a (05.04^001) 





PCT 



IliHIlli 



(10) Slg-i^M»^ 

wo 01/23069 Al 



(51) B»<«i*^«'' 

(21) BBltllUS^: 

(22) BHttllUB: 

(25) BIBtt»«>'&»= 

(26) BPS^S<'5"B'*S: 

(30) 

^^Ripi 1/277432 
11/2771 23 
^#Bitill/277n9 
«R^11/277122 
<^|RJP 11/279866 



B01D 39/20 

PCT/JPOO/06599 
2000 #9^ 26 0 (26.09.2000) 



1999ip9^29B (29.09.1999) 
1999^9^29 0(29.09.1999) 
1999^9^29 0(29.09.1999) 
1999^9^29 0(29.09.1999) 
1999*9^ 30 0 (30.09.1999) 
1999 «P9 «3D 0 (30.09.1999) 



JP 
JP 
JP 
JP 
JP 
JP 



*|i2ttin)E?CO., LTD.) lIP/JPl;f 503^604 
a BE (TSUJI,M«8hlro) [IP/JPJ; T501-M95 

*x«rtGifiiap). 

(tie A: ]SB»fi(ONOA,Hironori): =f 500-8731 itt* 
sJSJm^SiBl2TSl2S*l!J01 Gifu(JP). 

(81) ISSBOrt;: KR.US. 
/Rd^ «SB <TE«)t 3 - ° ' 



(54) T«.e: HONEYCOMB . F1LTBR AND CERAMIC FILTER ASSEMBLY 
ga " (57)Abstrac 




(57> Abstract: A ccramic:filter assembly (9) which 's enhanced in 
iwxSTtreating efficiency, and which is integrated by bondmg 
wSer^aTrJc seal material laye« (15) *e ou«r penph«al 
^rfa«s of a plurality of filtets (Fl) each consisting of a porom ce- 
S^rsn«Jbody?mesea.n,ateriailay«.(15)tev^^^^^^ 
of 0.3 mm to 3 tnm and a thermal conduct, v,ty of 0.1 W/mK to 10 
W/mK. 

(57) 



SO 



BEST AVAILABLE COPY 




THIS PAGE BIAMK.*B«"» 



ni/i.^n69 Al IMWIIIilWiliiH 



THiS PAGE BLANK <Msr 3^ 



WO 01/23069 

m ff^ ^ 



THIS PAGE BLANK <Msr^^ 




2 



«B,.«.t**»M.C.^*=*^^^^<- 



THIS PAGE BLANK (usr3> 



«l ^^/JFOO/06599 

, . . . . ^ ^^^^ u-c^.^R..^ 

^ h -r /U^f£iKtd^m(7:>^^7^'^ ^^^^^^^ 

....... sm^— 



THIS PAGE BLANK (MSP'3> 



r/JPOO/06599 

WO 01/23069 

4 

^{2^ SrH^^'t' ^ ^ <^ ^ ^ " 

3~2 5(D&^'R^^'^^^ 

n . -t 9 s y i' R * ' * =s a « *s S * <s i . 



THIS PAGE BLANK (MsrD> 



WO 01/23069 ^ 

.V^WaSt^*l./S*^ 0. 0 6mm/mn,^~0. 7 5 „>m/mm'..IS 
0 6mm/mn>"~0. 7 5 mm/mm'KESS*vXV^5. 



H 3 ;^ > ill 2 co-tr V :i 7 - ° ^-""^ 




THIS PAGE BLANK (usr^> 



^BpCT/JPOO/06599 

WOOl/23069 l|p^ ^ 

1119 ft. ^-(o^^^Jco-lr^ S •;'^:7^/vi?*'^i2^c7?^SR*£:^c»f®lll. 

iai Oft, 0-<^'^?^^J<^^^='*-^^^""^^^^'^° 
mi ift, 

12 1 2 ft , ^ H CO '^?^15iJ =^ :«7 :7 ^ O^m^o 

01 3ft, 2^^P^<?D^H^Jfe?Fm<^-fe7^'y^:^'<^^^*'^^^^'ia'l®l^» 
014 (a)'-lill4 (c) ft01 3<^>-fe7^ '^^^W/^^^^ii^t^^iitXm 

0 1 5 ft, mm<D^ ^%y^^ ^ ;v^ik^w-(n>'smm. 
01 6ft, 3^iiBjomEg^J£?i^^'^-fe^^ 

017ft, igi 6<o-fe7^^;/^:7^yv^*^<*3^7^/u^(^^m0o 
018 (a) ft, ^\:'l'^C^^H%^(0'Wl^^^m^'^. ®18 (b) ft0 1.7 
7 ^ ® 1^ o 

01 9ft, :*:|gBJ<0^3:S:t/^^^JSM®'^-=^*^«5t%ii;tfc/-^;^^-7^ 

02 0ft, 0l9(D7^/Vi5'5 9<D2O-2O^(^«iofcilr®Eo 
02 1 ft, 

02 2ft, ir7=::x^:7^/i.>?*^^^O^^a^c 



THIS PAGE BLANK (Msr3> 



^A>CT/JP00/06599 

WO 01/23069 

7 

- -e V ^ 9 HSB^^Stt ^ ^ 5^^^^ ^ *t)^,fr^;^ ^fi?*{r-r smtg:*^ 5> c 




THIS PAGE BLANK^:)^ 



WO 01/23069 

^5. iryv(75^^^{i 2 0 0{®/^v^tfl^#t-^^$n. ir /v^ 1 3 O)? $ 0 . 3 



THIS PAGE BLANK (MSP'3> 




7 , F 1 ^^TL*« 3 0 %~ 7 0 =/o, S b i^tt 4 0 %~ 6 0 ^ i 

, , 5 .r^.^m^r.,'^ ....... F . ,,».,«r.*.^^^^*^x 



zi5 0 



THIS PAGE BLANK ^^3^ 




^^/JP00/06S99 

wo 01/25M» 

-, r. iff U < "i 1 SS7o~ O SS /o. 



mm 



3 mrnJ 




THIS PAGE BLANK 



WOOl/23069 




THIS PAGE BLANK (usrD> 




^^r/JPOO/06599 

a|tt<D fSl -k I- » -^"^ ^1 ^ ■'^ ^ " 

' • • • «■ , p « , ^ 

t . v-zv-^t ^ 1 5 <7D = ;^ b -t^"^ ^ » 



THIS PAGE BLANK (usp-D> 



% 




'- T/JP00/06S99 

WO 01/23069 

13 




THIS PAGE BLANK<MS»^3^ 



WOOl/23069 0 PCT/JPOO/06599 

^tiiim%:^^i»^^ ^ ^^^^ i(DTSEdg®9 b d^bS^tti^ttSo mt^titimn. 

1-1) 

5 ^m<Dammit^m^^2 zmmi%t^m^m:^L.. nht^tzm^m^^my< 

(7>^fiife : C- 1 0 0 0 F) >^ffiV^. ¥^iK^35SO. 5 ;i mC^ ^ <7>{*M>5^&^X 
;^^#=f±SI|(^^ia^ : GC-1 S^^V^rc, 

^y-^/v^ F 1 ^Sr#fc= 

mm^^o. imm~ioomm) 23. 3mft%. ^i^teMo 

yK75SiO,Ol^WS(i3 0%) 7SS%. ^^^-^^ >" ^ ^ (7:> * ^^^^ ^ ^> ^ ^^l- 
-feyUn-;^0. 5fiS%RtJ^7K3 9mS%^?-%^ • ' cof^^^t^^ $riS ^ 




THIS PAGE BLANK <MSP^^^ 



%^^CT/JP00/06S99 

15 

7 5 y 7 ^l' ^-^^^^ 9 ^^^^ 

{mMm 1-2.1-3) 

|li£0ljl-2-C-(4. v—yu^tgl S^Dff^ t 1^1. OmmCl^^b, ^tbii^ 

^(D^:5{cov^-CfiS2^6*J{w^l£0»J 1 - 1 \^m-r^ J: 5 i:i UT . ^ ^ -7 ^' 
/i^^^-g-^^ 9 ^^^i^ L-^-^ ^iS^'^ 3 ^f*^ 1 5 OJ? ^ t 1 ^ 2 . 5 m 

-fey 5 ^ 7i'^»-i5'«-g'^$9 ^i^i^Ufc» 

{%mm 1 - 4 ) 




THIS PAGE BLANK^^^ 





5fil:%. iNS*i*^0. lmm~lOOmm) 2oM«/o. -HJ 

Ego/,^t;^T..=--3 7. 5*4%^^^ -^^^i-^-^^^^ ttrsEi^-zv^s 

5 (751?:$ t 1 ^ 1 . OmmU^Sl-T^o 

«.«..o: r.;~Voo«.) ..m... 

<T,%X'm^^<om^m.^^'iTot'^^ ^^^^^ 



# 



THIS PAGE BLANK OJSP-D^ 





(2) ^^ii^ir.^»t6^:^>-.w^^i 51^. ^.,^^-r^x oms%~7 oS*%- 

(4) «.»!(H5IJC«W 5 1 SU, @»*.X3Mm/<. 

(5) #«FiJ{-i3it?)V-/V^^ei 5 1^. 

^ ^-ysr.mm^-^f^hf^^O i^^^^^T^^r^^^-^ ^^^^^^^^^ 



THIS PAGE BLANK «isF'}> 




wo 01/23069 




7JP00/06599 



% 

ens. 2 1 




THIS PAGE BLANK 



wo 01/23069 

19 



/JF00/06S99 



(JIJSW2-2. 2-3) 
..X«**«.^*«<^i2-1'^«^*^''^^^-*'-^-^"^^"^*^* 




THIS PAGE BLANK 



*^Brr/JP00/06599 

20 

(S3f£#'J 2 - 4 ) 

nmm 2 - 4 mmm 1 - 4 {cpiri^-c ^-.^^^tuft^^ffl-^-^ 1^ ^^^^ 

. ;en^:i^^ 2 - 1 C-Cir ^ ~Z ^ :7 ^ 2 
{MMm 2 - 5 ) 

^tu^:Jl^<^Mi^ov^x•m^ife^].2 - ^. ^ - ^ ^ ^ ^ 

f^Sibfcc ::--c{iv.-^u=WSi 5<^)¥^^1- OmmiC^:Sl., ^^^&^T- 
;^ffi l 8 = l • Slw^^UfCc 

r^^,^xnm:^^^^nmm 2- 1 icwi-r o ^ ut. -ir 7 ^ - ^ ^^^^^ 

. ^1,-2^ r^^.om>±3r J: o-r^P:@^t-^ ^ ^^^- 




THIS PAGE BLANK ivisrD^ 





<r> 



r/JPOO/06599 

WO 01/23069 '^W 

21 

>: ^ * ^ ^ F ^ ° "^'^ ^ ' 




THIS PAGE BLANK iMsr3> 






22 

9 . ^ t ^'^^'^ ""'^ ^ 

nDQ»««16l4- 0. lmm~10min©»SSrnU 



THIS PAGE BLANK (usp-o> 




%^^CT/JP00/0fi599 

23 

\ ^ -?f +n ^ J- n -fe ^ 5 5/ ^ ^7 W /'^^ ^'n"^^ 3 



# 



THIS PAGE BUNK (Msp-D> 



^^/JPOO/06599 

WO 01/23069 

24 

(5) ^w^.H^^.-c^^^s^^^ti^^". ««fBn««<^* 




THIS PAGE BLANK (MSP^3> 




wo 01/23069 

25 



7JPOO/06599 



J. <; jjig-C S j) r i W b * ' i ^ * • 



5..%. ««**0^ xn..~.00™) 25S«%.*«««1. 0.™^ 



THIS PAGE BLANK ^p^3^ 




wo 01/23069 

26 



•CT/JP00/06S99 



3 - 2 i,nmm s-it mm^. mn.if:^^^^^ < ^ ^ t ;6iB^. b A^i: 
3 - 3 ) 

i^M«$0. imm-l 0 Onun) 2 3 ^l^St^ 1 M mO^^biffi 




THIS PAGE BLANK 



PCT/JPOO/06599 

WO 01/23069 

27 

o 

s??b^ic^ii.7^-fe^ ^y^y^ ^^^^^^ 3 9 . x>x.^x\tw^-^^<D^m^m\^ 

i0t^Wt-hfi:^y ^ ^^^^ ^^^^'^^^^^'^^'^^^^'^^^^^ =S^-5-C. * 

(2) IlDdbft?m«l 6(73;i:$;aS0. l mm~l OmmtO^fMISfflf^l-IS^^nT 

(3) -y-ji^um 1 5^s[uia^i??^Ji 1 6 i t>^v^fc^^>, jitig^^^^t^inesfe 

DDa^^f ?^J1 1 6 b ^y-;i^Um 1 5 t <D^^^^^i>^^ L- < 5^<753g* J: «p . 




THIS PAGE BLANK (Msi"3> 



ilk w 

wo 01/23069 

28 




THIS PAGE BLANK (MSP" 



wo 01/23069 ^^pi V 

#) (b®^^, 7^;U<5'»r®«S (mm-) t^^-f^o 

r<7>^-S->L/SfiS^0. 0 6mm/mm— 0. 7 5 mm/mm'-^ i" 5 ^ t 
*£^.^-Cfe5„ L/Sc;>ffi{iO. I0mm/mm=~0. 6 0 min/mm= 

r'*>aci:*^M^b<. 0. l5mm/mm'-~0. 4 0 mxn/mm^Tfc?, i: 

y^jV^^^l^ {i*{*:e*]iw(t 1 2 0 mm- 3 0 0 mmX'^^Z t mi-^ b < , 
^riil4 0mm~2 0 0mm-t'fo?.^^^^^^^^'-^^» "7 ^ .u^ S^r®^ S 
^^^t.f^4 0 0mm-2 5 0 0mm^T'fc6^^r.*?*U<. #^C.:i6 0 0m 
2 0 0 0 mm^^fca ^ i ^'^ i: 0 UV^. S .Dfi|;*^i.fEi^^«ia^-C' 

,.=.^J.7^J^^^FlOO^^z.m.mmi^±^^^ ^^^^^^ ^.fii&jr.^ 

. c^m^'J 4 - 1 ) ■ 

7^.W#F10 0«fC^-iSWltt3 3-n, J; - •+»W 2 1* 3 3 S S L 14 I 
I* (1 6 7/1 0 8 9=) 0. 1 5mm/mm't<eofc. 

* LX, El 8 (A) , 018 (B) IC*Sn6J:51^, .s^*A7^/w^'F 



# 



THIS PAGE BLANK (MSf^3> 



wo 01/23069 « ^ PCr/JP00/0«99 



% • 

30 

o^c. -Sfc. v^-r^^^75/N = ^ F 1. 0 OJcov>-c^i? ^ 

(5life^5iJ4 - 2~4 - 6) 

-r;5Z>^:UfCo fcfcU. *JS#iJ4-2T'{i. #/^:=^;^; ^ ^^^5^ F 1 0 0 toy- 
T-^lSW 1 ^ 5 OmmtC, XZ^mW2^5 OmiiiiC. :^^L^1 5 OnuDd^n-^n 
^5£Lfco ^BfeoX, 7^/U^?8Ff®ISSfi2 5 0 Omm^tT^it). L/S<7){i£{:i ( 
1 5 0/2 5 0 0=) 0. 0 6 mm/mm*i: ''iofco 
^fig'piJ4-3X'(is fcT-^feWl ^2 OnuntC. J; - -t^W 2 ^ 2 0 minfC. 

3 0 OBont-^n-^-nSt^Ufc, t^oT. 7 ^ /i-^^ ffir®^ S (;i 4 0 Omm^i: 
fi^. L / S tOM « ^ ( •3..0 0 /, 4. Q O ■= ) 0 ..;;^7; 5 mm/mm^tJ^foyio 

^jS£0ij4-4T'{i. fc-r-j-feWl $r3 SmmJ::. i C-fifeW 2 ^ 3 3 mmlZ , 
L^ 2 3 0m«t;i^n^iL^^L.fCo ^S^oX. :7 ^ .1. ^ ^ffi^ S 1 0 8 9 min=^ 
ir/iC). hXS<Dmi (2 3 0/1 0 8 9=) 0. 2 1 mm/mm^ i: o :fcc 

^^^,j4_5-C(i. ^-C^-r£W1^2 5n«iiJw. i r -tifeW 2 ^ 2 5 mraC . S$ 
L^3 0 OmmlC^K^'ixIS^LfZo tt^oT, 7 ^ I&T®« S Ji 6 2 5 mm^ t 
/^t). L/'S(??'lttli (3 0 0/6 2 5 =) 0. 4 8 m m/mm^ t /.C o 

*JiS^y4-6-e{i, fc-C-t&W1^2 2aimlCl. J: - -tfeW 2 ^ 2 2 mraiC . ft^ 
L^SOOmmi^^n^'t^^^tfCo tSoT, 37 ^ /V^ KFrBW S ft 4 8 4 mm^^ 
Jte"? . L/ScOlit{i (3 0 0/4 8 4 =) 0. 5 2 mm/m m= t o f^o 

;e<75^^. ft:^ra^^At cc) {1 o'c-- 1 0 rm^r-fe «9 , ^ 



THIS PAGE BLANK (MS(^3^ 




J: - 2 ^ 2 OmmU. 5 L, -ar ^ w 

" ^^^in-iPl.^ 7-^^^^'lt5BWS144 9 0 0mm- 




THIS PAGE BLANK (usp^o^ 





r/JPOO/06599 

WO 01/23069 ^"^V 

32 

(^) ,.^;i,i7^/W;S'F 1 OOrofBWIl. L/S»«*'0- 06mm/m 

..^*A7-<.l'4'5 9«-e/^««e'412 0<B/i nch' (1 8«/cn,') 
j;^A#W,C141 2 0-1 8 0«/i nch-«>tEHr*,i^i:*^0*l- 

y.-;(,A7^;^?9<0^*^b^4ffi*5^ftT•r5. 
*..^13«»;^.*0. 4 6H>n,aT, iO*<*«l-'*0. 2 0-0. 4 6m 




THIS PAGE BLANK (Msp^3> 



%^^CT/JPO0/O6599 
33 



5 i: 2 o%~8 0%, <^^z.it 2 0%-- 5 o%f.'^wmm.iix'^^ ^ti>mi^ bv^. 

9 ^T^S^^b t/.^^. •B^B#C:7 ^ /i^^?' 9 0#§B^^-r^T-taS^*^^ l^-a < , 
^ni::J:o-C-^:«^^7^yW^9i^«J<^f^:^^^'^*L., ^ ^ ^ ^^^^^ 




THIS PAGE BLANK (MSP^3^ 



^^CT/JP00/06S99 

WO 01/23069 

34 

(^J^I^iJ 5 - 1 ) 

^m^xmr.m^^x-^^nmw^4oox:^m^i.t.^^. ^^r.^f^^^^<^ 

:7^;w^59tl. iES*^f0C)„.m-. S^^^20.0;mm, 2 3 0 0 c m 

tiO. 2 0-0. 4 6mmCDg5@-Cfc^)-fc*5^*l-^^o 
^.V.^ 5 9 ^>r-->>'^8F^i:iiR^bf^. ^UX. l^^^ft^'^^^ 3 0 0 0 c c 

fc^£^i*^AP (mmAQ) X. h ^ ^X't ^..^o f..^^ ^ ^ ^ 




THIS PAGE BLANK (Msr3> 



35 



7JPO0/O6599 



WOOI/23069 



* 1 







(tfm) 


(%) 


(%) 


(mmAq) 


III 

(g/kui) 


(MPa) 










10. 


42 


25 


80 


0.01 


6.5 


2300 








6 


38 


30 


100 


0.01 


6.2 


2300 




nm 




14 


48 


45 


50 


0.015 . 


6.0 


2300 




mu 




3 


10 


10 


300 


0.005 


7.2 


700 




im 




20 


70 


15 


40 


0.04 


2.5 


7000 


f 


mm 




30 


20 


15 


120 


0.015 


3.1 


700 





(^Jfe^l 5-2,5-3) 

;^7i.7^/U^590l^<^ff^^^^JSil'J5-lirf^i:t^L,fCe X. ff0^*^5r4<75ie 
^L-C. ^M^'J5-1 irdlltoKi^^^f of- <!: Co. /'±^«^ A P ^J^*^ 1 0 0 in 




THIS PAGE BLANK (Msp^3> 



WOOl/23069 ^CT/JP00/06S99 
^ 36 

^SS^iJ 5-3 "C'fi, ^7LS;55 1 4 M m. ^?Lm75S4 8 %. nM^lKD^^m*^ 

m<7)^mi^mi^. &tim^^^p^^^^Q OmmA^X'^^o. ^(Dm.nmif>x4^^^^ 

1Ett^l*^^i^^^^^'^^'*'-^^-» /.r.;*J.-7^/^^ 5 9C75ft{f§tg^ft6. OMp 
(3 0 0 0 c c) (r>\ / A'^i^mx^^ 7 0 0 c m'i: UfCo X. 



f-, hoiinSfi. 0. 0 0 5 g/kmr-fc«9 . ^(omt^^x , 

t?*.S^^ft (3 0 0 0 c c ) 0 2m>:A±X'*>^ 7 0 0 0 c m^i L/Cc X. 
fl;!,^ 2 0 M m. ^.?L^d-^ 7 0 mil^TL<75#?=^d-i 1 5 ^ #7L«^^k^ 




THIS PAGE BLANK (Msp^^^ 




%^MK/JP00/06599 

jtg?^"J3-C(i. ttllStt^^ll. 2t^rij. ^ 

v.- KDiltvSfi, 0.015 g/kmta? ^ 

^^dfa.H'^f^liS IMP a-efcO, +^'^i^*S^6^5^«^'^*^- 
...... ..^m-c... -^-^^7jf 




THIS PAGE BLANK (Msra> 




wo 01/23069 3g 

,.35-49 %- «a.c«i-6«a«^Loffft**^ 2 0-5 0 «/o£i^icKft *n 




THiS PAGE BLANK (Msi^3> 




wo 01/23069 ^ 

39 




[JPOO/06599 



(o) 1112 2 d^^^^^^^'-^ ^^^^ 

c 




THIS PAGE BLM4K»>a"» 



PCT/JPOO/06599 



WO 01/23069 v^ir 40 

.b0^ic^^-Cfc-61±^^^AP (mmAq) ^5lt*:>fl, - (75^^^^:iT<7:)^ 2 IC 

^ 2 





«1 


^M2 




(cmVg) 


0.3 


0.8 


0.05 


EM^(mmAq) 


180 


120 


250 



-7^,V9 5 9i;ii3V^-C> JE;^?*!^^ Pti. ^n^tll S OmmAq, 1 2 0 mm 
Aq-C-fo«9> ltti^!|-C'}i 2 5 0 mmA q T-feofco t$oT. mMMe-l. 6- 

(1) /s-;t7A:7^yUi? 9<^ir^l-^i S^^fiti-^fe^t^ttM^JiiSo. im 

9 ^ it So 
(3) ^+L«<*^^b/.e5.-t?^mi 3!i. 




TH\S PAGE BLANK <MSf^3> 



41 ^ 




THIS PAfiE BLANK OBf* 



^^CT/JP00A)6599 

WO 01/23069 

42 



1. #>*r*s#?LK-ir7^ (Fl) 
gj|Eix-/W*tM (15) (t/o. 3min~3niin(D^^ (tl) ^'^L. 



3. |S5^t^l^fcf^2(cfS^(D•fe^^';/^^7^/^>5'*^<2^{:l*3V^-C, buIB:/ 



5. 

8) ^;tL. ^^T-vWSfiO. 3-2. 50ft^R^*i-^:ii^^t^i:-t-^ 



6 . 




THIS PAGE BLANK^«sp-^> 



*^^pT/JPO0A06599 

^9 ,~ y i, 7 /■-^S'm^r* ( 3 9 ) T-fcoT. 
5 y 7 -( 

1*0. imm-l Ommro»SS:«--r*= 
-/wWBIiltllKIHiiWmlii 9 




THIS PAGE BLANK IMSP-Ji 



wo 01/23069 




iPCT/JP00/06»9 



16. (13) (C J:orE®^ixf::1*^cO-ir/v^^U> HiJfEir 

5 2 3) O^j^B^-fe^ ? 5'^M-^>-^^*^^ (5 2 2) -^in^UTS^i-SZirt^ 
j. ^_($:^l^$ixf-yN^:i7A:7^'/v^S'^^ (5 2 1) "e^oT. 

^ y N - :i7 A -f /i^ ^ f^o 

17. ^iFL^iry S -^-^^^ (FlOO) 




THIS PAGE BLANK «»«"J> 



wo 01/23069 l|b # PCT/JP00y06599 

45 

i-5:^F63{^:«f-^'&^'f ^l-^^fS^S i:OJtL/S*5. 0. 0 6 mm/mm-- 0 
7 5 m m / m m^^X' S C #m i: -r 6 = -7 ^ „ 

18. ^^n-^v ^ 'yi'^'^^7)>^fJ:^^^=^:^'^^ ^ (5 9) IwioV^r 



.^^J.7-</^^<7>¥*iI^7L^l755 5~l 5 MHi-e. ^fej^?L^;65 3 0~b 0% 

2 0. fi^^i 8 5Z.(S 1 9lw|5.«co/N^:^i^:7^/u-^tc*5v^-r. 
21. • -ir/u^ (13) J:o-CESi^ix^c^S^<^-l^^i'^'fr^^ «ti.lE-fe/Hi»^ 



2 2 




THIS PAGE BLANK ?Js^i> 



r/JPOO/06599 

WO 01/23069 

46 



2 4 . 



(5 9) ^^^/C^^^^^^^b^^ CI) '^^^^-^^ 
^IS.- * ^ ^^^^a^*^ 5^15. n.T^, ^^^^^^^ 30-4 

7 ^ /w^ [i 2 0 ~ 5 0 %lJJL-h<^«^^^L^^-r ^>c 



2 6. 




THIS PAGE BLANK 




THIS PAGE BLANK (usf>-o> 



wo 01/23069 



^CT/JPOO/06S99 



2/19 



cn 





^JLJaaaa/ /aaoaol 
/aaaaa//saoaa/j 



mmmw 



ID 



CM 
6> 





THIS PAGE BLANK (MSP^3> 



wo 01/23069 




PCT/JPOO/06599 



3/19 



THIS PAGE BU\NIQ (MSf^3> 




THIS PAGE BLANK iusrD> 



%^^PCT/JP00/06S99 



5/19 



Fig-5 




Fl 12 Fl 




THIS RAGE BLANK (MSP-o> 



r/JPOO/06599 

WO 01/23069 



6/19 



Fig. 6 





THIS PAGE BLANK iMSF^3> 



wo 01/23069 





7JPOO/06599 



7/19 




THIS PAGE BLANK (MsrD> 




THIS PAGE BLANK (!JS«"» 




Fig. 9 



FIO 18 



FIO 



221 





14 



18 FIO 



IB FIO 




THIS PAGE BLANK (Msr» 




Fig. 12 le'^ 




THIS PAGE BLANK (MS«"J> 



wo 01/23069 



% 



/JPOO/06599 



Fig. 13 



11/19 



39 



Fl 



Fl 



Fl 



I0D 
□ BP 

1'5^D0 

LP 



Fl 



0a 



Fl 



E2J 



■Fl 




THIS PAGE BLANK ivisp-D> 




Fig. 14(b) Fig. 14(c) 



THIS PAGE BLANK (MSi^3^ 



wo 01/23069 



CT/JPOO/06599 



Fig. 15 



13/19 



321 



16 



\ 



Fl 



JOB 







□0D0 



U u3 LJ J<iJ l-J 



-Fl 



□1 
□I 



10 



□ 0a0D 
0DBDB 



□ 0DBD 



0D0nQ 
□ □□□□ 



QD0D 
□0D0 
0D0D^, 

0DQa 



QD0D0 
[□0D0'~' 



[01 
El 



15 



Qn0O0 
~ED0a 





Fl 



0D0DEa 

0a 



9c 




THIS PAGE BLANK (MSP^3V 



wo 01/23069 



% 



PCT/JPOO/06599 



14/19 





This PAGE BLANK <MsrJi 



THIS PAGE BLANK (MsrD> 



wo 01/23069 



% 



CT/JP0CI/0«S99 



to. 

Q- 



16/19 
m 



in 

Q. 



Q. 



o 



00 

■mimm 

UL 



ID 
Q. 

in 



□ □□□□ 
□□□□□ 

□ □E5SQ- 

□□□□□ 



m 

CL 

OJ 

CL 



O 
O 




THIS PAGE BLANK «DSF3> 



wo 01/23069 




Fig. 20 




THIS PAGE BLANK (MSfJi 




THIS PAGE BIlAMK(usp-3^ 



wo 01/23069 



% 



^^CT/JP00/06S99 



19/19 



cn 



m 

OJ 

in 



(D 
OJ 

in 
1^ 



cn 

CVJ 

in 



THib PAGE BLANK (MSf'iV 



INTERNATIC 



, SEARCH REPORT 



Inteniati^^p^licstian No. 

PCT/JPOO/06599 



CLASSIFICATION OF SUBJECT MATTER 
Int. CI' B01D39/20 



- to . Ptent gasification (IPC) or to both national clasBification and IPC 



Int.Cl' B01D39/20 



— •«-«to*;r«i to the extent that such documents are included in the fields searched 

Documentation searched ^^n>^^ooc^uo^U> (b. jitsuyo Shlnan Koho 1994-2000 

Jitsuyo Shinan Itoho Ti^i.aooo Jitsuyo Shinan Keisai Koho 1996-2000 

KOkai Jitsuyo Shinan Kbho 1971 zuuw uj-us. jr 



JMDAAJ^ U-I.»-ia**jr — — 

Hccttooicttoa base consulted duxing the intcman^ ^ 
WPI (DIAIiOG) 



Category* 



22 June, 1999 (22.06.99) , 
See tlie entire document 
£e JP/ 8-28246, A 

rw/9?«5203, Al 5c EP, 616065, Al 

jp 11-114339. A (NGK INSULATORS, LTD.), 
27'April, 1999 (27.04.99), 
Claims; Pig. 1 (Family: none) 

US 5853444, A (Thomas Josef Heimbach GmbH & Co.,), 

29'DecemberVt|a?98 ^?9.l^.9,p^ 

Claims * * v <^i«' ^ 

& JP, 10-15323, A 

Claims 

& EP, 796830, Al 



Relevant to claim No. 



5-9,15,16, 
18-27 



1-27 



EA 



JP 2000-210517. A (NGK INSULATORS. 
02 'August, 2000 (02.08 00), 
Claims; Fig. 3 (Family: none) 



LTD . ) , 



1-27 



1-27 



□ Further documents are listed in th e continuation of Box C. 

^ameat vrtiich may throw doubts on priority Oaiw^t) or **ich » 

Sen, published prior ,o the irtenutional filing date but later 
thin the priority date claimed 



"X" 



iatcr document published after the international filing date c. 
priority dale and DOi in conflict with the apphcation but crtcd to 
undcretand the principle or theory undcriying the invention 
document of particular trleyancc; the claimed invention cannot be 
oo^toed novel or cannot be considcred io involve an anvenuve 
step when the document is taken alone 

docurneni of particular relevance; the claimed invention cannot be 
considered to mvolve an inventive step when the documeni is 
combined with one or more other such documents such 
combination being obvious to a person skilled m the art 
document member of the same patent fanruly 



Date of the actual completion of the international search 
06 November, 2000 (06.11-00) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 
Form PCT/ISA/210 (second sheet) (July 1992) 



Date of maiUng of the international search rcpon 
14 November, 2000 (14.11.00) 



Telephone No. 




THIS PAGE BLANK (MSi^it 



aRfflS«-g- PCT/J PO 0/06 5 9 9 



EA 



us, 5853444, A (Thomas Josef Heim 
bach GmbH&Co. , ) 29. 12^. 1 9 9 8 (2 9. 
12. 98), Claims & JP, 10-15323. A, 

Wfm^(OW^m & EP, 796830, Al 

J P, 2 0 0 0-2 1 0 5 1 7, A ( B *^^*lc^^^fc) 2. 8 
M. 2000 (02. 08. 00) . #ftt9^<^*5S, 0 3 (7r 

5 y-jfcw 



1-27 



1-27 



ai^PCT/I S A/2 1 0 («2'<-v'<73«g#) (1 9 9 8^7.^) 




THIS PAGE BLANK (Msp^d^ 



esp@cenet document view 

( 

" CERAMIC FILTER AGGRECSXTE 



REGATI 



Patent number: 
Publication date: 
Inventon 
Applicant: 

Oassiftcatlon: 

- international: 

- european: 
Application number: 

- Priority number(s): 



JP2001162121 
2001-06-19 

ONO KAZUSHIGE; SHIMADO KOJ! 
IBIDEN CO LTD 

B01D46/00;F01N3/02 
JP200001 65978 20000602 



Abstract of JP2001162121 

PROBLEM TO BE SOLVED: To provide a 
ceramic filter aggregate hardly causing the 
leakage of fluid at an outer peripheral surface. 
SOLUTION: The ceramic filter aggregate 9 
constitutes a part of waste gas purifying device 
1 . In the ceramic filter aggregate 9, respective 
filters F1 are integrated by bonding outer 
peripheral surfaces themselves of plural filters 
F1 consisting of porous ceramic sintered body 
through a ceramic sealing material layer 15. 
The section of the aggregatie 9 is subjected to 
external size cutting in an almost circular 
shape as a whole. An unevenness eliminating 
layer 16 consisting of ceramic material is 
formed at the outer peripheral surface 9c 
exposed by the external size'cutting: 
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Description 

TECHNICAL FIELD 

s [0001 1 The present Invention relates to a honeycomb filter and a ceramic filter assembly, and more particularty, to a 
honeycomb filter formed from a sintered ceramic body and an integral ceramic filter assembly produced by adhering 
a plurality of honeycomb filters to one another. 

BACKGROUND AFTT 

10 

[0002] The number of automobiles has increased drastically this century. As a result, the amount of gas discharged 
from automobile engines has continued to increase proportionally. Various substances suspended in the exhaust gas 
that is emitted, especially from diesel engines, cause pollution and severely affect the environment. Further, recently 
reported research results have shown that the tine particles suspended in gas emissions (diesel particulates) may 
1^ cause allergies or decrease sperm counts. Thus, actions to eliminate the fine particles suspended in gas emissions 
must Immediately be taken for the sake of mankind. 

[0003] Due to this situation, many exhaust gas purification apparatuses have been proposed in the prior an. A typical 
exhaust gas puriftoatlon apparatus includes a casing, which is. tocated In an exhaust pipe connected to an exhaust 
manifold of an engine, and a filter, which is arranged in the casing and has fine pores. In addition to a metal or an alloy. 
20 the filter may be fornied from ceramic. A cordiertte honeycomb filter is a known example of a ceramic filter. Recent 
filters are often formed from sintered porous silicon carbide body that is advantageous fr^m the viewpoints of heat 
resistance and mechanical strength, has a high accumulating efficiency, is chemically stable, and has a small pressure 
loss. 

[0004] The pressure loss refers to the difference between the pressure value taken upstream of the filter and the 
pressure value taken downstream of the filter. A main cause of power loss is the resistance the exhaust gas encounters 
when passing througn a filter. 

[0005] The honeycomb filter Includes a plurality of cells extending along the axial direction of the honeycomb filter 
When the exhaust gas passes through the Alter, the walls of the cells trap fine particles. This removes fine particles 
from the exhaust gas. 

30 [0006] However, the honeycomb filter, which ts made of a sintered porous silicon carbide body, Is vulnerable to 
thenmal impacts. Thus, larger filters are liable to crack. Accordingly, a technique for manufacturing a large ceramic filter 
assembly by Integrating a plurality of small filters has recently been proposed to prevent breakage resulting from cracks. 
[0007] Atypical method for manufacturing a ceramic filter assembly will now be discussed. First, ceramk: raw material 
is continuously extruded from a mold of an extruder to fomi an elongated square honeycomb nrtolded product. After 

35 the honeycomb fitter Is cut into pieces of equal lerigth, the cut pieces are sintered to fomn a filter. Subsequent to the 
sintering process, a plurality of the filters are bundled and Integrated by adhenng the outer surfaces of the fitters to 
each other with a ceramic seal layer having a thickness of 4 to 5mm. This completes the desired ceramic filter assembly. 
[0008] A mat-like themnal Insuladve material, made of ceramk: fiber or the like, is wrapped about the outer surface 
of the ceramic filter assembly. In this state, the assembly is arranged In a casing, which is located In an exhaust pipe. 

40 [0009] However, in the prior art, there is a shortcoming In that the fine particles trapped in the ceramic fitter assembly 
do not bum completely and some of the fine particles remain unbumed. Accordingly, the efficiency for processing the 
exhaust gas is k)w. 

[0010] Further, the honeycomb fitter of the prior art has comers. Thus, there is a tendency of stress concentrating 
on the comers of the outer surface and chipping the comers. Further, the seal layer may crack and break the ceramic 
niter assenrtbty from the comers thereby damaging the entire ceramic filter assembly. Even If the assembly' does not 
break, there Is a shortcoming In that leakage of the exhaust gas may decrease the processing efficiency. 
[001 1 1 During usage of the filter assembly, a high temperature difference between the honeycomb filters may cause 
themnal stress to crack the honeycomb filters and break the entire assembly. Thus, the strength of each honeycomb 
filter must be increased to Increase the strength of the honeycomb filter assembly. 

5C7 [0012] The prior art ceramic filter assembly as a whole has a rectangular cross-section. Thus, the periphery of the 
assembly is cut so that the assembly as a whole has a generally round or oval cross -section, 
[0013] However, the filter has a plurality of cells. Thus, If the periphery of the assembly is cut, the cell walls are 
exposed from the peripheral surface subsequent to the cutting. This forms lands and pits on the peripheral surface. 
Thus, even It the assembly Is accommodated In the casing with the thennal Insulatlve material attached to the oeripheral 

S5 surface of the assembly, gaps are formed in the longitudinal direction of the filters. Thus, exhaust gas tends to leak 
through the gaps. This lowers the processing efficiency of the exhaust gas. 

[0014] With regard to diesel particulates trapped in the honeycomb filter, it has been confinned that particulates 
having a small diameter have a high lung attaching rate and increase the risk to health. Thus, there is great need to 
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O^lsrHo^JSr^nen the pore diameter and the po«,sity of the honeycomb filter are smalL^ the hor,eycomb f«er 
Ses t^ense and hinder smooth passage of the exhaust gas. which, in turn, .ncreases the Pr^^ 
lowers the driving perfotmancs of the vehicle, lowers fuel efficiency, and detenorates the dnvmg perfom^ance. 

5 OnTe oSfer hand if the pore diameter and porosity rate are increased, the above problems are solveo. 

ELr the number o^T^^ in the honeycomb filter becomes too large. Thus, fine particles cannot be trapped. 
?hte d^easeX Uping efficiency. Further, tne mechanical strength of the honeycomb filter becomes low 
rooi^ S te afiit o3 to provide a ceramic filter assembly having an improved exhaust gas processmg efhcency. 
S«2 I J a s^nTcblect of the present invention to provide a ceramic filter assemb^r having supenor strengm. 

,0 ISSJ?! i;teJftWobjeaofthepre^ntinventiontoprovideaceramictitterassemblythatpreventstlu,dleategefrorT, 

^lSTi'a'io^'oi»ect of the present Invention to provide a honeycomb filter having small pressure loss and 
superior mechanical strength. 

IS SUMMARY OF THE INVEI^ON 

r00211 A fiist perspective of the present invention is an integral ceramic filter assembly produced by adhering wtth 
a Slic Ser'outer surfaces of a plurality of r.iters. each of j^' ^^'^^'^^l^^^^^^ 
hDdv The seal laver has a thickness of 0.3mm to 3mm and a themial conductance of 0. i W/mK to 1 0W/mk. 
ro^l A seco1,7Ulpe<S^ve Of the present Invention is an integral ceramic filter assembly produced by adhering 
wSer^JsILl Keroutersurf^^^^ 

Z a 'rr^d Srlus ceramic body. Round surfaces are defined on chamfered come« of the outer surface of each 
rSTTthTd^erp^lv^ 

Sniic se^l l^« o«er surfaces of a plurality of filters, each of which is formed from a sintered porous ceramic 
c^rS flitl^LemSr -ncludi a cS^ic smoothing layer applied to the outer surface of the assembly. 
lAfhi^ih »c a Whole has a aenerally circular cross-section or generally oval cross-section. 

ToS ^Turth perUeSe o. L present invention Is an Integral ceramlcfifter assembly produced ad^-enng^^^ 
LSeraLic sexier oirtersurfaces of a plurality of elongated r,oneycomb filters, each of which isfomied frorna sintered 
So'rr^ilTorA 4o US bet«Ln a mer length. L in a flow CireOion ot a processed fluid and a .liter cross- 
section S in a direction perpendicular to the flow direction is 0.06mm/mm2 to 0.75mm/mm . ,.Hhorinn 
folSsi A tmh p^repe^ve of the present invention is an Integral honeycomb filter assembly produced adhenng 
ITLiTsea W o^e surtaces of a plurality of honeycomb filters, each of which has a Plurality of ce^ls defined 
by a celts and Which purifies fluid including particulates with the cell wall. A specific surface area of grains fomning 

" \''Li^h ^eS^SivT" the present Invention Is an elongated honeycomb filter fom^d frcrn a sintered porous 

Sic boS^A^tTo'^l between a filter tength L In a flow direction of a processed fluid and a filter cross-seCon S 
m a direction beroendicularto the flow direction is p.06mm/mm2 to 0.75mm/mm . 

002?1 Tse^^ pS^^e Of the present invention is a honeycomb filter Icmied from a^'ntered porous ce^ic 
.0 LocJ An avemge pore SiametBr of the honeycomb filter is 5 to 15^ m. an average porosity « 30 to 50%. and the 

'iS'TZTJ^P^TS:::^^^^ is a honeycomb f..er having a plura.^y of cells defined by a 

Sfwill i?d purging including particulates with the cell wall. A specific surfece area of grams fomiing the cell 
wall is O.lm^/g or more. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0029] 

Fig. 1IS a schematic view showing an exhaust gas purification apparatus according to a first embodiment of the 
present invention. 

Fig. 2 is a perspective view showing a ceramic filter assembly of the exhaust gas purification apparatus of Fig. 1 . 
Fig. 3 is a perspective view showing a honeycomb fitter of the ceramic filter assembly of Fig. 2. 
Fig. 4 is an enlarged cross-sectional view showing tne main portion of the exhaust gas purification apparatus of 
Fig. 1. 
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Fig. 5 is an enlarged cross-sectional view showing the main portion of the ceramic fifter assembly of Fig. 2. 

Fig. 6 is an enlarged cross-sectional view showing the main portion of a ceramic filter assembly of a first modified 
example. 

5 

Fig. 7 is a perspective viewshowing a honeycomb filter according to a second embodiment of the present invention. 

Fig. 8 is an enlarged cross-sectional view showing the main pordon of a ceramic filter assembly. 

10 Fig. 9 is an enlarged cross-sectional view showing the main portion of a ceramic filter assembly according to a 

first modified example. 

Fig. 10 is a perspective view showing the honeycomb filter according to the first modified example. 
IS Fig. 11 Is a perspective view showing a honeycomb filter according to a second modified example. 

Fig. 12 is a perspective view showing a honeycomb filter according to a third modified example. 
Fig. 13 is a side view showing a ceramic filter assembly according to a third embodiment of the present invention. 

20 

Figs. 14(a} to 14(c} are schematic perspective views Illustrating a manufacturing process of the ceramic filter 
assembly of Rg. 13. 

Fig. 15 is a side view showing a ceramic fitter assembly according to a modified example. 

25 

Fig. 1 6 Is a perspective view of a ceramic filter assembly according to afourth enrtoodhnent of the present Invention. 

Fig. 17 is a perspective view showing a filter of the ceramic filter assembly 3 of Fig. 16. 

30 Fig. 1 8(a) is a schematic cross-sectional view showing the filter of Fig. 17. and Fig. 1 8(b) is a schematic side view 

showing the filter of Fig. 1 7. 

Fig. 19 is a perspective view showing a honeycomb filter proviaed with a honeycomb structure according to fifth 
and sixth embodiments of the present Invention . 

35 

Fig. 20 is a cross-sectional view showing the filter 59 of Fig.. 19 talcen along line 20-20. 
Fig. 21 is an enlarged cross-sectional view showing the main portion of an exhaust gas purification apparatus. 
40 Fig. 22 is a perspective view showing a ceramic filter assembly. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0030] A diesel engine exhaust gas purification apparatus 1 according to a first embodiment of the present invention 

45 will now be described with reference to Figs. 1 to 5. 

[0031] Referring to Fig. 1 , the exhaust gas purification apparatus 1 is an apparatus for purifying the exhaust gas 
emitted from a diesel engine 2, which serves an Internal combustion engine. The diesel engine 2 has a plurality of 
cylinders (not shown). Each cylinder is connected to a branch 4 ot an exhaust manifold 3, which is made of a metal 
material. Each branch 4 Is connected to a single manifold body 5. Accordingly, the exhaust gas emitted from each 

50 cylinder is concentrated at one location. 

[0032] A first exhaust pipe 6 and a second exhaust pipe 7, which are made of a metal material, are arranged down- 
stream to the exhaust manifold 3. The upstream end of the first exhaust pipe 6 is connected to the manifold body 5, A 
tubular casing 8 made of a metal material is annanged between the first exhaust pipe 6 and the second exhaust pipe 
7. The upstream end of the casing 8 is connected to the downstream end of the first exhaust pipe 6, and the downstream 

55 end of tne casing 8 is connected to the upstream end of the second exhaust pipe 7. With this structure, it may be 
considered that the casing 8 is arranged in the exhaust pipes 6. 7. The first exhaust pipe 6. the casing 8. and the 
second exhaust pipe 7 are communicated with each other so that exhaust gas flows therethrough. 
[0033] As shown in Fig. 1 . the middle portion of the casing 8 has a diameter larger than that of the exhaust pipes 6. 
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20 



2S 



30 



7. Accordingly, the Interior of the casing 8 is larger than that of the exhaust pipes 6. 7. A ceramic filter assembly 9 is 

SSS?r^tt!lII. tatSlmaterial 1 0 Is arranged between the outer surface of the assembly 9 and the inner surface 
KLinorXhe thJjSSlnsTJSe ^^^^^^ 10 is a mat-like matenal induding ceramic fibers and has a th«kness 
SrevSr^ilLirtT^vL^^^^^^ Of millimeters. It is preferred that the heat insulative material to be themnally 
of sev«^i '™'''™^^ ^^e^ ,0 the release of thermal stress through an elastic structure. This is to minimize 

rne^7islnTreprru?t^^J by pTelenting heat from being released from the outem^t portion of the assembly 
T^^T^^l^lnSonorc^M^r^ using the heat produced during reproduction prevents displacement of the 

isSfiiaSssr^whS^^^^^^ 

vehicle. --csmbh» 9 eliminates diesel particulates and it thus nonnally rsfen-ed to as a diesel par- 

f°°? fi^r^f^pT^s So^irRg I tT^. 4. the assembly 9 is fom,ed by bundling and integrating a plurality of 
tculate fmer PP^- As sho«" ^ = ^76 arranged at the central portion of the assembly 9. and the outer dimension of 
filters F. Elongated square ^'^"^^^^^^^^ (,efer to Fig. 3). Filters F1 that have forms differing from the 

rgrru:nir;taU^^^^^^^ 

:^r^^£:'^T:^^TT::2^^:^^ carb.de. wh.ch is pne type of sintered ceramic. The 
SSol to er^plojng sintered porous silicon carbide is because It is advantageous especially In that tt has supenor 
hTrJUistTncS a^d heat conduaance. In addmon to sintered porous silicon carbide, the sintered matenal may be 

^!l«i^mbTmctuS is in that the pressure loss is smaH when the trapped amoum of fine particles increases. Each 
the honeycomb stmrture IS in ma tnep^^^ generally square eross-secUons and are arranged regularty 

ll'loTth'e^Sdi^t^^^^^^^ 12^ --'^ "^'^ ' "^^^ 

r M hllrv^^ll J^arriesan oxice catalyst fomied from a platinum group element (such as Pt) or other metal 
surface of the cell wall 13 through hole 12 on one of the end surfaces 9a. 9b Is sealed by a 

4' ™"ed poTou^^^^^^^ the end surfaces 9a. 9b have a chessboard ap- 

sealing body 4 ^[^^P//^^"^^"^^^^^^^^^ square cross-sections. The cell density Is about 200/inch. 

TH^th^^^S c^'ie c^U wJ^^^I^^^^^^ and the ceil pitch is about 1 .8mm. Among the plurality of cells about 

hal. Sre^^ne^ S the S^e^ end surface 9a. and the others are opened at the downstream end surf^ 9b. 
?o^l -^^e e^erase porous diameter of the filter F1 is about 1 nm-50nm. and more particularly 5nm-20^m. If the 
EL ^i^Ster'r^^L than mm. the deposited fine particles tend to clog the filter F^^J J^^^^S^ 
average Po^e _ narticies would not be trapped and would aecrease the trapping efficiency. 

Sr « s prSenSThrt tSe'^oros^^^^^ to^S%. and more particularly. 40% to 60%. ,f the porosity rate is 

? \1 L^/ thTfilter pTLcomes too fine end may hinder the circuiauon of exhaust gas therein, if the porosity 

;r;«::dsV^r^^^^^^^^^^ 
;;^,^;rnVi;^rg.r:;^^^^^^^^^^^ 
s.TTefXrS'g:^^^^ 



[0041] 

Of a ceramic seat layer 15. 



45 [0044] 



'""^^ /^i!.rtrsC:Sn5 <^rtinu^ ;r;;Vge «s^nc;"^d hinders heat conduction between fibers F1 . 
oTr«hirhandT."e S^^^^^^ lOW/mK. properfies such as adhesion and heat reactance may 

r^oSri'rts'u^"^^^^^^^^^^ 

?oo«r"»1irtf,ickness t1 exceeds 3mm. the seal layer 15 continues to be a large seal layer 15 even if the heat 

raM7, -?iera?lay^^^^^^ at least an inorganic fiber, an inorganic binder, an organic binder, and inor- 

EarSfes . is preyed that the sea. layer 15 be an elastic material fom,ed by '''"JJ^ Inorgar^^^^^^^^ 

S;Tno%Sartteles.whichthree.-dimensionaJ.yinterse«o 
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[0046] At least one type of ceramic fiber selected from silica-alumina fiber, mullite fiber, alumina fiber, and silica fiber 
are selected as the Inorganic fiber included In the seal layer 15. Among these fibers. It is most preferred that silica- 
alumina ceramic fiber be selected. Slllca-alumlna ceramic fiber has superior elasticit>' and senses to absorb themial 
stress. 

5 [0049] In this case, the content of the silica-alumina ceramic fiber in the seal layer 15 Is 10wt*/o-70wt%. oreferably 
1 Dwt%-40wt%, and more preferably 20wt%-30wl^4. If the content is less than 1 0wt%, the thermal conductivity decreas- 
es and the elasticity decreases, tf the content exceeds 70%, the themial conductivity and elasticity decrease. 
[0050] The shot content of the silica-alumina ceramic fiber Is 1 wt%-1 Owt%, preferably 1 wt%-5wt%. and more pref- 
erably lwt%-3wt%. If the shot content Is less than 1wt%, manufacture is dmicult, and if the shot content is 50wt%. the 

TO outer surface of the filter F1 may be damaged. 

[0051] The fiber length of silica-alumina ceramic fiber Is 1mm-1 Omm, preferably 1 mm-50mm. and more preferably 
1 mm-20mm. tf the fiber length is 1 mm or less, there Is a disadvantage in that an elastic structure cannot be fomied. 
If the fiber length exceeds 1 00mm. there is a disadvantage in that the fiber may produce balls of fibers and decrease 
the dispersion of inorganic fine particles. Further, if the fiber length exceeds 100mm, It becomes difficult to make the 

IS seal layer thinner than 3mm and to Improve the heat conductance between the filters F1 . 

[0052] It is preferred that the inorganic binder included in the seal layer 15 be a colloidal sol selected from at least 
one of silica sol and alumina sol. It is especially prefen-ed that silica sol be selected. This is because silica sol is optimal 
for use as an adhesive agent under high temperatures since It is easily obtained easily sintered to SlOg. In addition, 
silica sol has a superior Insulative characteristic. 

20 [0053] In this case, the content of silica sol In the seal layer 15 as a solid is 1wt%-30vrt%. preferably 1 wt^^o-l SwrJ^o 
and more preferably 5wt%-9wt%. It the content Is less than 1 wt%, the adhesive strength decreases. On the other hand, 
if the content exceeds 30wt%, the thermal conductivity decreases. 

[0054] It is prefen-ed that the organic binder included in the seal layer IS be a hydrophllic organic high polymer and 
also be prefen-ed that the organic binder be a polysaccharide selected from at least one of poly vinyl alcohol, methyl 

2S cellulose, ethyl cellulose, and carboxymethyl cellulose, it is especially preferred that carboxymethyl cellulose be se- 
lected. This is because the seal layer 15 has optimal fluidity due to cartDoxymethyl cellulose and thus has superior 
adhesion undernermal temperatures. x ^. « ^ . rv 

[0055] In this case, the content of carboxymethyl cellulose as a solid is 0.1 wt%-5.0wt*;i». preferably 0.2wt**/o-1 .Owt /o. 
and more preferably 0.4wt%-0.6wt«/i. If the content Is less than 0.1wr;4. sufficient inhibition of migration becomes 

30 difficult. Migration refers to a phenomenon In which the binder In the seal layer 15 moves as the solvent is removed 
as it dries when the seal layer 15 charged between the sealed bodies hardens. If the content exceeds 5.0wt%. high 
temperature bums and eliminates the organic binder and decreases the strength of the seal layer 15. 
[0056] It is preferred that the Inorganic particies included in the seal layer 15 be an inorganic powder or an elastic 
material employing a whiskerthat is selected fn^m at least one of silicon cartside, silicon nitride, and boron nitride. Such 

35 cartJide and nitrides nave an extremeiy high thermal conouctivrty and, when included in the surface of a ceramic fiber 
or In the surface of inside a colloidal sol, contributes to increasing the themial conductivity. 

[0057] Among the above cartside and nitrides, it is especially preferred that the silicon carbide powder be selected. 
This Is because the thermal conducfivlty of silicon carbide Is extremeiy high and easily adapts to ceramic fiber. In 
addition, in the first embodiment, the filter F1. which Is the sealed body, is made of sintered porous silicon carbide. 

40 Thus, it is prefen-ed that the same type of silicon cartside powder be selected. 

[0058] In this case, it is prefen^d that the content of the silicon cartslde powder as a solid be 3wt%-80wt%. preferably 
1 0wt%-60wt%, and more particularty, 20wr;4-40wt%. If the content is 3wt% or less, the thennal conductivity of the seal 
layer 15 decreases and results in the seal layer 15 having a large heat resistance. If the content exceeds 80wt%, the 
adhesion. strength decreases when the temperature is high. 

4S [0059] Thegrain diameter is 0.01 Mm-100^^m, preferably 0,1 jim-15|im. arid more preferably 0.1 p.m-10^im. Ifthegrain 
diameter exceeds lOOfim, the adhesion and thermal conductivity decrease. If the grain diameter is less than 0.01 jtm. 
the cost of the seal material 15 Increases. 

[0060] The procedure for manufacturing the ceramic filter assembly 9 will now be discussed. 

[0061] First, a ceramic raw material sluny used during an extrusion process, a sealing paste used during an end 

50 surface sealing process, and a seal layer fonnation paste used during a filter adhesion process are prepared. 

[0062] The ceramic raw material slurry is prepared by combining and kneading predetemnined amounts of an organic 
binder and water with silicon carbide particles. TTie sealing paste is prepared by combining and kneading an organic 
binder, a lubricatlve agent, a plastic agent, and water with silicon cartDide powder. The seal layer fonnation paste is 
prepared by combining and kneading predetemnined amounts of an inorganic fiber, an inorganic binder, an organic 

55 binder, and inorganic particles, and water. 

[0063] Next, the ceramic raw material sluny is put into an extruder and continuously extmded from a mold. After,vard, 
the extnjced honeycomb molded product is cut into equivalent lengths to obtain elongated square honeyconnb molded 
product pieces. Further, a predetermined amount of sealing paste is charged into one of the openings of each cell in 
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the cut pieces such that both end surfaces ot each cut piece is sealed. 

r00641 Then main sintering is pertormed by setting predetermined conditions, such as the temperature and time, to 
compietely sinierthe honeycon* moided pieces and the seaiing bodies 14. Aii of the sintered porous silicon carbide 
fitters F1 obtained in this manner are still square pole-shaped. 
5 [00651 The sintering temperature is setto 2,100»C to 2,300»C in the present embodimentto obtain the averagepore 
diameter of eum-ISnni and a porosity of 35% to 50%. Further, the sintering time is set to 0.1 hours to 5 hours, further, 
the interior of a furnace has an inen atmosphere during sintering, and the pressure in that atmosphere is the normal 

fooSl^*Then after fomiing a ceramic bedding layer to the outer surface ot the fitters F1 as required, the seal layer 
10 formaoon paste is applied thereto. The outer surfaces of sixteen of such filters F1 are adhered to each other and thus 

roSrTin the following outer form cutting process, the assembly 9. which has been obtained through the filter adher- 
ence orocess and has a square cross-section. is ground to form the outer shape of the assembty 9 by eliminating 
unnecessary sections from the peripheral portion of the assembly 9 and fomi the ceramic filter assembly 9. which 

SS'^^e finrScle trapping perfom,ed by the ceramic filter assembly 9 will now be described briefly. 
0069 The ceramic filter assembly 9 accommodated in the casing 9a is supplied with exhaust gas. The exhaust gas 
supplied Via the first exhaust bipe S first enters the cells that are opened at the upstream end surface 9a. The exhaust 
than passes through the cell wall 13 and enters the adjacent cells, or the cells that are opened at the downstream 

20 Ina surface 9b. From the openings of these cells, the exhaust gas flows out of the downstream end surfaces 9b of the 
filters F1 However, the fine particles included m the exhaust gas do not pass through the cell walls 1 3 and are trapped 
bv the cell walls 13. As a result, the purified gas is discharged from the downstream end surface 9b of the filters F1 . 
The purified exhaust gas then passes through the second exhaust pipe 7 to be ultimately discharged into the am«^ 
phere. The trapped fine particles are ignited and burned by the catalytic effectthat occurs when the internal temperature 

25 of the assembly 9 reaches a predetermined temperature. 
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(Example 1-1) 
[0070] 



(1) SI 5WW, of o silicon carbide powder having an average gram diameter of 1 0nm and 22wt% of a silicon carb.de 
powder having an average grain diameter of O.S^m wer^ wet-mUed. Then. 6 Jwt% of the organic binder methyl 
cellulose) and 20vrt% of water were added to the obtained mixture and Icneaded. Next, a small amount of the 
Plastic agent and the lubricative agent were added to the kneaded mixture, further kneaded, and extruded to obtain 

35 ■ the honeycomb molded product. Morespecificaiiy.theaslliconcartDidepowderhavinganaveragepamcedi^e^^^ 
Of about lOum was produced by Yakushima Denkou Kabushiki Kaisha under the product name of C-1 OOOF. and 
the o silicon carbide powder having an average particle diameter of about Cojim was produced by Yakush.ma 
Denkou Kabushiki Kaisha under the product name of QOIS. ' 

(2) Then after drying the molded product witn a microwave dryer, the through holes 1 2 of the molded product was 
sealed by the sealing paste made of sintered porous silicon cartside. Afterward, the sealing paste was ^ned again 
wTh the dryer. After the end surface sealing process, the dried body was degreased at 400-C and then s.ntered 
for about three hours at 2.200'C in an argon atmosphere at the nomial pressure. This obtained the porous, hon- 
eycomb. silicon carbide filters F1 . 

f3) 23 3wt% of a ceramic fiber (alumina silicate ceramic fiber, shot content 3%. fiber length O.lmm-IOOmm). 
30 2wt% of silicon carbide having an average grain diameter of 0.3nm, 7wt% of silica sol (the converted amount 
of SIO, of the sol being 30%) seiving as the inorganic binder. O.Swt% of cartxixymethyl cellulose semng as the 
organtebinder.and39wt% of waterwere mixed and kneaded.The kneaded material was adjusted to an appropnate 

50 ■ viscosity to prepare the paste used to fonin the seal layer 15. 

(4) Then the seal layerforming paste was unifomily appliedto the outer surface of the filters F1. Further, in a state 
n wmcJ he outer surfaces of the filters F1 were adhered to one another, the filters F1 were dned and hardened 
nde t cond^on of SO'C to 1 0O'C X 1 hour. As a result, the seal layer 15 adhered ^e^ F1 to one an«her. 

55 The thickness t1 of the seal layer 15 was set at 0.5mm. The heat conductn/ity of the seal layer 1 5 was 0.3W/mK. 

(5) Next, the peripheral portion was cut to shape the peripheral portion and complete the ceramic fitter assembly 
9, whfch has a round cross-section. 
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[0071 1 Then . the thermal insulative maierial 1 0 is wound aiDout the assembly 9 obtained in the above manner, in this 
state, the assOTbly 9 is accommodated in the casing 6 and actually supplied with exhaust gas. After a predetemiined 
time elapses, the assembly 9 is removed and cut at a plurality of locations. The cut surfaces were obseived with the 
nalcedeye. 

5 [0072] Consequently, residuals of the fine particles were not confimned at the peripheral portion of the assembly 9 
(especially, the peripheral portion near the downstream end surface) where there is a tendency for unbumed particles 
to remain. The fine particles were of course completely burned at other portions. It is considered that such results are 
obtained because the usage of the seal layer 1 5 prevents the conductance of heat between the filters F1 from being 
decreased and the temperature sufficiently increases at the peripheral portion of the assembly 9. Accordingly, in ex- 

10 ample 1-1 , it is apparent that exhaust gas was efficiently processed. 

(Examples 1-2. 1-3) 

[00731 In example 1 -2, the ceramic filter assembly 9 was prepared by setting the thiclcness tl ot the seal layer 1 5 at 
,5 ^ Qj^pp^ ^^Qj conditions were basically set In accordance v^th example 1-1 . In example 3, the ceramic filter as- 
sembly 9 was formed by setting the thickness tl of the seat layer 15 at 2,5mm. The other conditions were basically set 
In accordance with example 1 -1 . 

[0074] Then, the obtained two types of assemblies 9 were used for a certain period, and the cut surfaces were 
observed with the nalced eye. The same desirable results as example 1 -1 were obtained. Thus, it is apparent that the 
20 exhaust gas was efficiently processed In examples 1-2 and 1-3, 

(Example 1-4) 

[0075] tn example 1-4. the employed seal layer fonming paste was prepared by mixing and kneading 25wr;^o of a 
25 ceramic f ioer (mullite f toer. shot content rate 5wt%. fiber length 0.lmm-1 00mm). 30wt% of silicon nitride powder having 
an average grain diameter of 1 .Onm. 7wt% of alumina sol (the conversion amount of alumina sol being 20%) sending 
as an inorganic binder, 0.5wt% of poly vinyl alcohol serving as an organic binder, and 37.5wt% of alcohol. The other 
portions were formed in accordance with example 1-1 to complete the ceramic filter assembly 9. The thickness t1 of 
the seal layer 15 was set at 1 ,0mm. The themial conductivity of the seal layer 15 was 0.2W/mK. 
30 [0076J Then, the obtained assembly 9 was used for a certain pertod, and the cut surfaces were observed with the 
naked eye. The same desirable results as example 1 were obtained.. Thus, it is apparent that the exhaust gas was 
efficiently processed In exanrtple 4. 

(Example 1-5) 

[0077] In example 1-5, the employed seal layer forming paste was prepared by mixing and kneading 23wt% of a 
ceramic fiber (alumina fiber, shot content rate4wt%, fiber length 0.1 mm- 100mm), 35 wt% of boron nitride powder having 
an average grain diameter of 1 jxm, 8wt% of alumina sol (The conversion amount ot alumina sol being 20%) serving as 
an inorganic binder, O.Swt'/o of ethyl cellulose serving as an organic binder, and 35.5wt% of acetone. The other portions 
40 were formed in accordance with example 1 to complete the. ceramic fitter assembly 9. The thickness tl of the seal layer 
15 was set at 1 .0mm. The thermal conductivity of the seal layer 15 was 2W/mK. 

[00781 Then, the obtained assembly 9 was used for a certain period, and the cut surfaces were observed with the 
naked eye. The same desirable results as example 1 were obtained. Thus. It is apparent that the exhaust gas was 
efficiently processed in example 5. 
45 [0079] The ceramic filter assembly 9 of the first embodiment has the toHowing advantages: 

(1) In each example, the thickness tl of the seal layer 15 is set in the preferable range of 0.3mm-3mm, and the 
themial conductivity of the seal layer 15 is set in the preferable range of C.I W/mK-10W/mK. This improves the 
thermal conductivity of the seal layer and prevents the thennal conductivity between the filters F1 from being 

so decreased. Accordhgiy. heat is unifonnly and quickly conducted to the entire assembly 9. This prevents a tem- 

• perature difference from oeing produced In the assembly 9. Accordingly, the thermal uniformity of the assembly 9 
Is Increased and the occun-ence of locally unbumed particles is avoided. The exhaust gas purifk:ation apparatus 
1 , whteh uses the assembly 9, has superior exhaust gas processing efficiency. 

Further, if the thickness t1 and the thennal conductivity is within the above range, basic properties, such as 

S5 adhesiveness and heat resistance remain the same. This avoids the manufacturing of the seal layer 15 from 

becoming difficult. Further, sine© the seal layer 15 serves to adhere the fitters F1 to one another, breakage of the 
assembly 9 is avoided, in other words, the assembly 9 is relatively easy to manufacture and has superior durability. 
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(21 The seal layer 15 in each example contains as a solid 1 0wt%-70w«i of ceramic fibers. This enables the se«l 
Srrs trlSThlghLrrnal conductivity and elasticrty. Thus, the thermal conductivity t>e^een filters F1 » «n. 
proved, and the thermal conducBvlty of the assembly 9 Is further increased. 

fSIThe seal laver 15 in each example contains ceramic fibers, the lengths ot which are 1 00mm orshorter. Accord- 
nir*e mi^^es^^^^^^^ '^^er 15 may be set to 3mm or less without -"^.^TZ ^H^r 

he« «nducdvity between the filters F1. and thus contributes tothe themial unrfomiity of the assembly 9. 

r4> The seal layer 15 in each example contains as a solid 3wt%-B0wt% of Inorganic particles. J "f >^^^^ 

15 hi h^hthJm«l conductivity. Tnlslncreas^^ and contnbutes to the 

themial unlfomrilty of the assembly 9. 

organic binder. 

roosoi Such material has the advantages described below. Sufficient adhesion strength is obtained In a low temper- 
KLge an^ hSh ^mperature range. Further, the materia, is elastic. Thus, when them,a. stress « applied to the 
20 assemblv 9 the release ot the thermal stress is ensured. ^ ^ . 

T^efl^^embodlmemofthepr^^^ . 

(a) The number of the filters F1 Is not limited to 1 6 and may be any number. In this case, filters F1 having different 
dimensions and shapes may be combined. 

^ . . CI e in a naramic fitter assembtv 21 of a further embodiment, the filters F1 are offset from 

To^^r m a"J^ on peienSn h" mer2 J^^^^ and the filters F1 are adhered by the seal layer 
?2^r*r^e thS.^ Fl^est^^^ ''^'"g accommodated in the casing 8. This improves the 

15. In this case, the filters hi '° ' h,„ of Fig. 6, the seallayer 15 does not Include 

so 'c:^1r.rrot*';Ts'"^^^^^^^^^^ oiL breakage strength. Furthe. si.^ 

S^fneLSn^ucJl!^^^^^^^ 
assembly 21 Is further enhanced, 

(0 instead Of the honeycombtlltersFl.thefilters may haveathree.dlmensionalmeshstructure.afoam-likestmc- 
35 ture. a noodle-like stmctuie, or a fioer-liKe structure, 

,^ Prinrto the outerform cutting process, the form of the filter Fi is not limited to tlie elongated square shape and 

hie trbefeled to have a round cross-section during the outer fom, cutting process and may be fomied to have 
*40 a, for example, ova! cross-section. 

100821 Fig 7 IS a perspective view showing a honeycomb filter F10 of aceramic filter ^^-^'y '"^1^/°"^^^^^^^ 
luuD^I riy. / » n K *K o -^^r. ^niamaH ^rnee-coctional view show pg the main portion ot the exhaust gas 

vature R. 
55 (Example 2-1) 

rnn«« In «amoie 2-1 the ceramIc filter assembly 29 was manufactured by drying moloed products with a microwave 
S^Tcutlll^g oTS^SilrrpS:^^ andfom,lngthe round surtaces 18 of R=1.5.Tne other steps are 
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Tc^"'TJX^^e. intheat^ovemannerwas actua.^supp.iedw.h exhaust gas. A«eraprec^tem,ined 

extremely superior in strength. 
(Examples 2-Z, 2-3) 

,««oo, «v»mB.« 2 the ceramic fitter assembly 9 was manufactured by setting the curvature of the round surface 
^ "J^i J ^!n^™fna*e S^poS^^^^ the same manner as in example 2-1 . In example2.3. the ceramic 

meTa^^^^T29ris"'ma;^^^^ --ture of the round surfaces 18 at R=2.. and tombing the other 

portions basically in the same manner « " . _ ^^^^ ^^^^^^ ^ 

[00891 rr^TwTth^i^T^^^^^^^^ -^'^^-l was Obtained. In other 

(Example 2-4) 

oftheseanayerwassetati^n.a„^^^^^^^ 

Teld^ r n^"^rfJ,2:^S^^^ that of exU 2-1 was obta^eC. In other words. « has 
become apparent that the assembly 29 of example 2-4 is supenor in strength. 

(Example 2-5) 

*iH^r =«o»n,hh, 9o was manufactured by using a seal layer fomiing paste in the 
--a=^V3^= 

%Zr^7:Z^J^:l^ -^r.^^^^ t.me period in me same manner as example 2-1 and 

Teld t^e na^eye. A preferable resu« similar to that of example 2-1 was obtained.. 

35 (Comparative Example) 

bility of the exhaust gas purification apparatus 1 . which employs the assembly 29. 

ance and heat conductance characteristics. 
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muftaneously When molding to brsh^Td'^^^^^ P«'e. whtoh has a square cros^ 

[01001 The honeycomb fitter F1 is not required to Je shsjea ^ honeycomb filter F20 may be 

L°e^on. prior to the outer ^Tol'^J^ c^^" ^ ^^^^^^^ ^ "^^'''^ ™' 
formed into a rectangular pole iiavmg a ectangu^ 

Uc to v^ich a ceramic smoothing layer 1 6 f ^P^f/^^^.^^^, ceramic materia. Includes inorganic particles, such 
,0 includesat leastceramic fibers and a b.nder^tt«prje^^^^^^^ inorganic binder, such as silica sol oralumina 

as silicon caftide. silicon nitride, and '>«^°" "^'J^'/^^/J^^l^the binder. It is preferred that the ceramic matenal be 
oran organic binder, sucn as a P^'V^'^'^^^^^^^'.^J'fl^erand inorganic particles with a binder. « is preferred 
for;ned by binding ^ree-dimens^"^'^ .rne^^^^^^^^^ ^^^^,3, « , ^eal layer 1 5. and espaciaiiy preferrec 

that the smoothing layer 16 be ^'^'^J'J^J'^ ^^TslrS rr^ai^r^^^ as the seal layer 15. 
15 that the smoothing layer 16 be made of , ,5 be 0.1mm to 10mm. further prefe^d that the 

01031 tt IS preferred that the thickness °< Jf^ „ 1mm. If the smoothing layer 16 is too thin, 

nickness be 0.3mm to 2mm. and ^^^^^^^^ SJe" assembly 9 cannot be completely filled. Th^. gaps 

pits iTthai are fomied '"«^«°"^:«";!^^'^,^*S'JSe L^^^^^ <ayer 16 is thicKened. thefomiation of the layer 
tend to remain in such locations, on the ower h^d.^e^^^^ . . , ^ " 

may become dlfficutt. and the diameter «^*« smoothing layer 16. and more particularly, be 

ttlspreferredthattheseallayerisbejo^e^^^^^^^^^ 

omied in the range of 0.3mm to 3mm. Wl^en the seajj^aye^^^ 

and thethem.al conductance are P^^«"^^^J"l"lStte^i?mbly39will now be descrtoed with reference to F.g. 14^ 
10105] Theproceduretormanufactunngthe ^*^"\'^'';^'!f;^u4,n process, a sealing paste used during an end 
0106 First, a ceramic raw '^^^^^''"^ """J^f.^^^urg^ adhesion process, and a smoothing ^yer 

rrrpre^r?s~^^^^ 

IS andwaterwtth Silicon carbide particles. TT^eseanngp^^^ y layer formation paste 

binder, a lubricatlve agent, a plastic ^^^^^^'l^Z^I^.^T^^^^^ Jredetemilned amounts 0I an inorganic 

!rrrni»ranC.c.^^^^^^^^ 

roiosi Next, the ceramic raw matenal siuny is put elongated square honeycomb molded 

To the cut pieces to sealboth end ^"'^^^"^^^ P^^«em.lned conditions, such as the temperature and time, to 

„«e« F1 Obtained in this manner are «t W« PO^^^^^^ ^ ^^,nt embodimem to obtain the average 

101101 The sintering temperature .s set 00 C to 2joo 3,rteringtlme is set to 0.1 houre to 5 hours^ 

r01131 AS a result, the ceramic filter assembly 39 ["^^'"9/;° . . ^^.^ gutting. Thus, pits 17 are fomied in 
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filter assembly 39 shown in Fig. 14(c). 
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(Example 3-1) 
[01151 

and extruded to otJtain the honeycomb molded product. 

Males by Hi. tnm, pasie made ol siraered '^"'^"J'TTZ^^^ZaasM « "id Wen .Imefed 
Silicon carbide filters F1. 

30.2wt.. f cL.u.ose sen^lng as the 

25 The thickness t1 of the seal layer 16 was set at 1 .0mm. 

,«Ne*^p.*^.po^n^--"s:rirs°si2~ 

Of 50 □ C to 1 00*C X 1 hour to complete the assembly 39. 
apparent that exhaust gas is efficiently processed In the third emt,odMT«m. 
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(Example 3-2) 



fiber (muime fiber, shot ~«^"^^r!r^'?-^f„'^i,fs^^^^ amount of alumina sol being 20%) serving as 

rS:r "bSn^v^/oT^^^^^^^ - organic binder, and 37.5^o of alcohol. The other 

rornT::;'^oi"din:Lrd^cLith%x^^^^^^^ 

?01191 Then. Observations were ^f^Xd^v^elro hmg laTeM^ 

rorns?r:;^rg:;T^^^^^^^^^^^^ 

seal were high at the boundaiy Pf""'"^-^ assembly 39 during usage, in addition, leakage o1 exhaust 

In example 3-2 in the same manner as example 3-1 . 
(Example 3-3) 

10121] in example 3-3. the seal and smoothing paste was prepared by mixing and Kneading 23wt% of a ce-amic 
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fiber (alumina liber, shot content rate 4wt%. fiber iength O.lmm-IOOmm). 35wt% of boron nitride powder having an 
average grain diameter of 1 nm, 8wt% of alumina sol (the conversion amourrt of alumina sol being 20%) serving as the 
inorganic binder 0.5wt% of ethyl cellulose serving as the organic binder, and 35.5wt^* of acetone. The other portions 
were foimed in accordance with example 3-1 to complete the ceramic filter assembly 39- ^ „ ™,t»r 

5 roi221 -men.observationsweremadebythenakedeyeinthesamemannerasexaniplea-l.Thepns 17intheouter 
surface 39c were substantially completely filled by the smoothing layer 16. Further, there were no cracks .n the boundary 
portions of the smoothing layer 16 and the seal layer. IS. Accordingly, this indicates that the levels of adhesion and 

10 gasttirough gaps in the outer surface 39c did not occur. It is thus apparent that exhaust gas was effiaently processed 
in example 3r3 in the same manner as example 3-1 . 

(Comparative Example) 

IS [0124] in the comparative example, the smoothing layer 1 6 was not fomied on the outer surface 39c. The other 

ponions were formed in accordance with example 3-1 to corrwlete a ceramic filter assembly 

r0125l Then observations were made by the naked eye In the same manner as example 3-1 . There were pits 17 in 
the outer surf aU 3-9c. Thus, gaps were f omied in the outer surf ace 3-9c during usage of the assembly, and gas leakage 
through the gaps occurred. Accordingly, in comparison with examples 3-1 to 3-3. It is apparent aiat the exhaust gas 

so processing efficiency was interior. 

[01261 Accordingly, the ceramic filter assembly 39 has the advantages described below. 

(DThe smoothinglayerie fills the pits 17 and smoothes the outer surface 9c, Accordingly, gaps are not tomied 
n the o^r surt^ 39c when the aLmbly 39 is retained. This prevents the leakage of exhaust gas. As a result 

25 the ceramic fitter assembly 39 has superior exhaust gas processing efficiency. This, in turn, results .n the exhaust 
gas purification apparatus 1 having superior exhaust gas processing efficiency. 

The smoothing layer 16 Is made of ceramic and thus has superior adhesion with the fitter F1 which is made 
o, alTnterTd ?o,x>us ceramic, and superior heat resistance. Accordingly, even if ^^^^^^'^ 
high temperature of several hundred degrees Celsius, the smoothing layer 16 is notbumed nordefomied. Thus. 

30 the desired adhesion strength is maintained. 

(2) The thtekness of the smoothing layer 16 Is set in the prefen-ed range of 0.1mm to 10mm. This prevents the 
leakage of exhaust gas without making the manufacture of the assembly 39 difficult 

35 .(3)TheseallPyer1Slsthinnerth«nthesmoothinglayer16.Thispreventstheflltsringcapabl!^^^ 
conductivity from decreasing. 

(4) The smoothing layer 1 6 is made from the same material as the seal layer 15. Since the coefflciem of tiiemr.al 
S«nsion of the smoothing layer 16 and that of the seal layer 15 are the same the ''"""^^^ P"'*^* 

. 40 and smoothing layer 1 5. 16 do not crack, in other words, high adhesiveness, sealing, and reliability of the boundary 

^?^n^r. asmoSiIng layer fom,atlon paste does not have to be prepared in addition to the seal layerfomiation 
paste. This facilitates the manufacture of the assembly 39 and avoids an increase in the manufactunng cost. 

(5) The fotowing may be used as the material for fomiing the seal layer 15 and the "^y^J^^^- ^^^^^ 
material including at least an inorganic fiber, an inorganic binder, an organic binder, and inorganic particles and 
bound to one another by the inorganic binder and the organic binder may be used. 

[01271 Such material has the advantage described betow. The material has satisfactory adhesion ««"g<h both 
50 owtwnperatur* and high temperature ranges. Further, the material is an elastic 

is appned the thermal stress is relieved. Further, the material has superior themial conductance. Thus, heat is uniformly 
and quickly conduaed to the entire assembly 39. This enables efficient exhaust gas processing. 
[0128] The third embodiment of the present Invention may be modified as described below. 

55 (a) As shown in Fig. 1 5, the present invention may be embodied in a ceramic filter assembly 321 by offsetting the 

filters F1 from one another in a direction perpendicular to the filter axial direction. 

(b) The smoothing layer 1 6 may be foimed from a ceramic material that ditteis from that of the seal layer 15. 



13 



EP 1142 619 A1 

(c) The smoothing layer 1 6 may have the same thiclcness as the seal layer 15 or may have a greater thickness 
than the seal layer 15. 

(d) In addition to forming the smoothing layer 16 by employing an application technique, other methods, such as 
5 a printing technique, a staining technique, a dip technique, and a curtain coat technique, may be employed. 

[0129] Fig. 16 is a schematic perspective view of a ceramic filter assembly 49 according to a fourth embodiment of 
the present Invention. The ceramic fitter assembly 49 is formed by a plurality of rectangular pole-like honeycomb filters 
F100. 

10 [0130] in each honeycomb filter F100, the flow direction of the exhaust gas (direction perpendicular to the filter end 
surface), which Is the processed fluid. Is defined as the fitter length L (mm). Further, the area obtained when cutting 
each honeycomb filter F1 00 in a direction perpendicular to the flow direction (in other words, parallel to the filter end 
surface) is defined as the fitter cross-sectional area S (mm^. 

[0131 ] In this case, the US value must be C.06mm/mm2 to 0.75mm/mm^. It is preferred that the L/S value be 0.1 OmnV 
1^ mm2 to 0.60mm/mm2, and most preferred that the US value be 0.15mm/mnr»2 to 0.40mm/mm2. 

[0132] When the US value exceeds 0.75mm/mm^. a tenrpei^ture difference is produced in the longitudinal direction 
of the filter. As a result, a high level of thermal stress is applied to the honeycomb filter F100 thereby permitting cracks 
to easily form. On the other hand, when Vne US value is COSmm/mm^ or less, a temperature difference is produced 
in a direction perpendicular to the filter longitudinal direction. This also applies a high level of thennal stress to the 
20 honeycomb filter F1 00 thereby pennitting cracks to easily form. 

[0133] It is specifically prefen-ed that the filter length L be 120mm to 3obmm, and especially preferred that the filter 
length be 140mm to 200nnm. It is specifically prefenred that the filter cross-sectional area S be'400rrwTT2 to 2,500mm2, 
and especially prefen-ed that the cross-sectional area S be BDOmm^ to 2.000mm2, and especially preferred that the 
cross-sectional area S be 600mm2 to 2,000mm2. When the values of L and S are outside the prefen-ed range, a 
25 temperature difference is produced In the honeycomb fitter F1 00. As a result, a large level of thermal stress easily forms. 

(Example 4-1) 

[0134] Basically, the same assembly 49 as that of example 1 -1 was manufactured. The height W of the filter F1 00 
30 was 33mm, the width W2 was 33mm, and the length L was 1 67mm, Accorelingly, the filter cross-sectional area S was 

1 ,089mm2, and the US value was O.ISmnVmnn^ (=167/1089). 

[0135] Then, the thermal insulative material 10 was wrapped around the assembly 49. In this state, the assembly 
was retained In the casing 8 and actually supplied with exhaust gas. 

[0136] Referring to Fig, 1 8(A) and 18(B), thermocouples were embedded in each of locations PI to P6 and temper- 
3s aUiresTI to T6 were respectively measured for a certain period, respectively. Fulher, maximum temperature differ- 
ences A T(*C) at each of the locations PI to P6 were obtained. The white arrow in the drawing shows the direction of 
the exhaust gas flow. The tennperature measurement was conducted on the honeycomb filter F100 denoted with ref- 
erence character X in .Fig. 16. 

[0137] After a predetemnined time, the assembly 49 was taken out and the honeycomb filters FIDO were each ob- 
40 served with the naked eye. As a result, the maximum temperature difference AT(**C) of example 4-1 was about 5*0, 
the value of whteh is extremely small. Further, cracks were not confinued in any of the honeycomb filters F1 00. 

(Examples 4-2 to 4-6] 

4S [0138] In examples 4 to 6, the assembly 49 was manufactured in the same manner as example 4-1 . However, in 
example 4-2, the height W1 of each honeycomb filter F1 00 was set at 50mm, the width W2 was set at 50mm, and the 
length L was set at 150mm. Accordingly, the filter cross-sectional area S was 2.500mm2, and the US value was 
(150/2,500=) 0.06mm/mm2. 

[0139] In example 4-3, the height W1 was sei at 20mm, the width W2 was set at 20mm. and the length L was set at 
^0 300mm. Accordingly, the filter cross-sectional area S was 4,000mm2, and the US value was (300/400=) O.TSmnrr/mnrf. 
[0140] In example 4-4, the height W1 was set at 33 mm, the width W2 was set at 33mm, and the length L was set at 
230mm, Accordingly, the filter cross-sectional area S was 1 ,089mm2, and the US value was (230/1 089) 0.21 mnn/mm^. 
[0141] In example 4-5 the height W1 was set at 25m, the width W2 was set at 25m. and the length L was set at 
300mm. Accordingly, the filter cross-sectional area S was 625mm2, and the US value was (300/625=) 0.48mnn>tnm2. 
S5 [0142] in example 4-6 the height W1 was set at 22m, the width W2 was set at 22m. and the length L was set at 
300mm. Accordingly, the filter cross-sectional area S was 4B4mm2, and the US value was (300/484=) 0.62mm/mm2. 
[0143] An experiment was conducted on the five types of assemblies 59 in the same manner as in example 4-1 . As 
a result, the maximum temperature difference AT(*C) was about O'C to 1 0*C, the values of which are extremely small. 
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Further, no cracks were confirmed in any ot the honeycomb filters F1 00. 
(Comparative Example 1) 

5 [01441 In comparative example 1 , the assembly 49 was manufactured In the same manner as in example 4-1 . How- 
ever, the height W1 of each honeycomb filter F1 00 was set at 20mm, the width W2 was set at 20mm, and the length 
L was set at 400mm. Accordingly, the titter cross-sectional area S was 1 .OOOmm^, and the US value was (400/400=) 
1 .OOmm/mm^. 

[0145] An experiment was conducted on the assembly 49 in the same manner as in example 4-1 . As a result the 
10 maximum temperature difference AT("C) was about 30'C and greater than each embodiment. The length L in com- 
parative example 1 was especially long. Thus, there was a tendency in a temperature difference being produced in 
the longitudinal direction of the filter. 

[01 46] Further, cracks were confirmed in some of the honeycomb filters F1 00. and the honeycomb filters F1 00 were 
damaged. 

IS 

(Comparative Example 2) 

[0147] In comparative example 2. the assembly 49 was manufactured in the sahne manner as in example 4-1 . How- 
ever, »ie height W1 was set at 70mm, the width W2 was set at 70mm, and the length L was set at 1 67mm. Accordingly, 

20 the filter cross-sectional area S was 4,900mm2, and the US value was (167/4,900=) O.OSmnn/mm^. 

[0148] An experiment was conducted on the assembly 49 in the same manner as in example 4-1 . As a result the 
maximum temperature difference AT(*'C) was about 20*»C and greaterthan each embodiment The filter cross-sectional 
area S in comparative example 2 was especially large. Thus, there was a tendency in a terrperature difference being 
produced in a direction perpendicular to the longitudinal direction of the filter. Further, cracks were conflrrried in some 

2S of the honeycomb filters F100. and the honeycomb filters F100 were damaged. 

[0149] The advantages ot the ceramic filter assembly 49 of the fourth embodiment will be discussed below. 
[0150] (1) By setting the ratio US between the filter length L and the filter cross-sectional area in the preferable 
range, the production of a large thennal stress is prevented without producing a large temperature difference in each 
of the honeycomb filters F100. This prevents cracks from being produced in the honeycomb filters F100 and the hon- 

30 eycomb filters F100 resist being damaged. Due to the increase in the strength of each honeycomb filter F100. the 
ceramic fitter assembly 49 is manufactured with superior strength. Further, the employment of the assembly 48 in- 
creases the strength of the exhaust gas purlticatfon apparatus 1 and enables usage over a long period. 
[0151] The fourth embodiment may be modified as described below. 

.35 (a) As long as the condition.of the US value being in the range ot.0.06mnVmm2 xo 0.75mnVmm2 |s satisfied, the ■ 

form of the honeycomb filter F100 may be changed to a cylindrical pole-like shape, a triangular pole-like shape, 
or a hexagonal pole-like shape. 

(b) In addition to using the honeycomb fillers F1 00 as a member forming the ceramic filter 49, the honeycomb filter 
^ F100 may be used as ah independent filter. 

[0152] Fig. 1 9 is a perspective view showing a honeycomb filter 59 having a honeycomb structure according to a 
fifth embodiment ot the present invention. Fig. 20 is a cross-sectional view taken along line 20-20 of the filter 59 of Fig. 
19. Rg. 21 is a cross-sectional view showing a main portion of an exhaust gas purification apparatus. 
45 [0153] It is preferred that the cell density of the honeycomb filter 59 be 120/inch2 (is/cm^) or greater.' and more 
specifically, be In the range of 120 to 180/lnch2. When the cell density is less than 120, the area of contact with the 
exhaust gas decreases. This lowers the purification capability of the honeycomb filter 9. 

[0154] It is preferred that the thtekness of the cell wall 13 be 0.46mm or less, and more specifically be in the range 
of 0.20 to 0.46mm. When the thickness of the cell wail 13 exceeds 0.4.6mm, the opening area of the cell decreases 
so and the area of contact with the exhaust gas decreases. This lowers the purification capability of the honeycomb filter 
9. Further, If the cell wall 13 is made thicker than 0.46nnm while maintaining the cell opening area, the entire honeycomb 
filters is enlarged. 

[0155] It is prefen-ed that the average pore diameter of the honeycomb filter 9 be 5|im to 1 Sixm, and further preferred 
that the average pore diameter be 8ixm to 12Lim. It the average pore diameter is less than S^m, the deposit of partic- 
55 ulates clogs the honeycomb filter 9. This increases pressure loss. Thus, the driving perfonnance of the vehicle falls, 
fuel efficiency decreases, and the driving feel becomes unsatisfactory. On the other hand, if the average pore diameter 
exceeds SOpm, fine particleis cannot be trapped. This decreases the trapping efficiency and deteriorates the parttoulate 
filtering function. 
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[0156] It is preferred that the porosity of the honeycomb filter 9 be 30% to 5Cr/o. and further preferred that the porosity 
be 35% to 49%. If the porosity is less than 30%, the honeycomb filter 9 becomes too dense. This hinders the interior 
flow of exhaust gas. If the porosity exceeds 50*/o, the number of pores In the honeyconnb filter 9 becomes excessive. 
This may decrease the strength and lower the trapping efficiency of fine particles. 

5 [01571 Amongth6poresofthehoneycombfilter9, Itispreferredthat20%ormorebethroughpores. More specifically. 
It is preferred that 20% to 80% be through pores, and especially preferred that 20% to 50% be through bores. A through 
bore refers to a gap that extends through a cell wall 13 and connects adjacent holes 12. IT the through pores are less 
than 20% of the pores, the pressure loss becomes large. Thus, the driving perfomnance of the vehicle falls, fuel efficiency 
decreases, and the driving feel becomes unsatisfactory. On the other hand, If the through pores exceed 80% of the 

10 pores manufacture may become difficult and cause stable material supply to be difficult, 

[01 5q It is prefen-ed that total volume of the honeycomb filter 9 be 1/4 to 2 times the total displacement of the engine. 
It is further prefen-ed that the total volume be 1/2 to 1 .5 times the total displacement. If the value Is less than 1/4. the 
deposit of particulates clogs the honeycomb filter 9. If the value exceeds 2 times, the honeycomb fitter 9 ts enlarged. 
When the honeycomb filter 9 is enlarged, there is a tendency of the temperature differing between portions of the filter 

IS 9 during combustion. This increases the themnal stress^ applied to the honeycomb filter 9 and Increases the posstolllty 
of the tomiation of cracks. 

[01591 The honeycomb filter 9 is made of sintered porous silicon carbide, which is a type of sintered carbide. The 
impurities included in the sintered porous silicon carbide is 5wr;4 or less. It Is prefen-ed ttiat the amount of impurities 
be 1 wT/d or less and it is especially preferred that the amount of impurities be 0.lwt% or less. If the impurities exceed 
20 5wt% impurities concentrate at the grain boundary of the silicon carbide crystal grains and significantly decreases the 
strength atthe grain boundary (strength bonding crystal grains). Th is makes the grain boundary vulnerable to breakage, 
impurities include Al. Fe. O and free C. Uke the honeycomb filter 9, the honeycomb filter 9 is made of sintered porous 
silicon carbide. 

2S (Example 5-1) 

[01601 Basically, In the same manner as the example 4-1 , the through holes 12 of the molded product were dried 
with a microwave dr/er and then sealed with a sealing paste made of sintered porous silicon carbide. Afterward, the 
drier was used again to dry the sealing paste. Subsequent to the end sealing process, the dried product was degreased 

30 at 400'C and then sintered for about three hours at 2,250*C in an argon atmosphere under nonnal pressure. 

[01611 As a result the produced sintered porous silicon cari^ide honeycomb filter 59 had a pore diameter of lOtim. 
a porosity of 42%. a through pore existence rate of 25% relative to the pores, a cell density of 150/inch2. and a cell 
wall 13 thickness of 0.4mm. The honeycomb filter 59 had a diameter of 1 00mm. a length of 200mm, and a total volume 
of 2 300cm3. The total volume refers to the volume obtained by subtracting the volume of the through holes 12 from 

35 . the volume of the entire honeycomb filter 59. It is preferred that the thickness of the cell wall 13 be 0.46mm or less; 
and more specifically, In the range of 0.20 to 0.46mm. 

[0162] Then, the honeycomb filter 59 was wrapped around the honeycomb filter 59. In this state, tfSe honeycomb 
filter 59 was retained in the casing. An engine having a displacement of about 3,000cc was then used to supply the 
exhaust gas purification apparatus 1 with exhaust gas at a flow rate of 7m/sec. In this state, the pressure value of the 
40 exhaust gas at the upstream side of the honeycomb filter 59 and the pressure value of the exhaust gas at the down- 
stream side were measured. A pressure loss (mmAq). which is the difference between the values, was obtained. 
Further, the amount of soot at the rear side of the honeycomb filter 59 was measured to confimn the amount of partic- 
ulates that were not trapped. Further, a certain time period, the honeycomb filter 59 was taken out and obsen^ed with 
the naked eye to confirm cracks. The results are shown in table 1 . 
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f01631 As Shown in table 1 . the pressure loss iP in example 5-1 was about SOmmAq. the value ot which is extremely 
small The oartlculate leakage amount was about 0.01 g/km, the value of which is extremely small. The honeyccmfc 
filter 9 had a flexural strength of 6.5Mpa and had an extremely higr, level of mechanical strength. There were no craclcs 
in the honeycomb filter 9. 

(Example 5-2, S-3) 

roiS4l in examples 5-2 and 5-3, the honeycomb filter 59 was manufactured basically In the same manner as In 
Sle 5-1 . However, in examples 5-2 and 5-3. only the total volume of the honeycomb filter 59 was the same as 
that of example 5-1 . The mixture ratio, sintering temperature, sintering time, etc. were changed as described oelow to 
adiust the pore diameter, porosis, and the through pore existence rate relative to the pores. 
SSl in *e pr^uced sintered porous silicon carbide honeycomb filter 59 of example 5-2, the pore diameter was 
L a r^ the porositJ was 32%, and the through pore existence rate was 30%. The same experiment as that of exarnple 
l ^ waTcondSed l^e pre^ure loss AP was about 1 0OmmAq. the value of which is extremely small, "nrie pat^cuiate 
felkaS amouS was about O.Olg/km, the value of which Is extremely small. The honeycomb filter 59 had a flexural 
ICS 0^5 2Mpa and had an ^remely high level of mechanical strength. Further, there were r,o cracks in the hon- 

raiS^ m*e produced sintered porous silicon cartMde honeycomb filter 59 ot example 5-3, the pore diameter was 
4 urn. the porosity was 48%, and the through pore existence rate was 45%. In the experiment result of this example 
liWsu.^ IossIp was about 60mmAq. the value Of Which is extremely small. The partteulate ieate^^^^ 
aS.utO.015g/km,thevalue Of which is extremely small, "me honeycomb filter 59 had a flexural stren^ of S.OMpaand 
had an extremely high level of mechanical strength. There were no cracks in the honeycon* fllt»r59. 

(Comparative Examples 1 to 3) 

roi671 in comparative examples 1 to 3. honeycomb filters were manufactured basically In the same manner as In 
exSle iTwSer in comparat^e example 1 . the total volume of the honeycomb filter was 700cm3. which is less 
tSTlM *e drspra^n^ient (3,000cc). Further, the pore diameter, porosity, and the through pore existence rate mia^ve 

Sr«,'Tth"e?ro"du«?SiJd^ 

^?um *e po osJ/^as 10%. and the through pore existence rate was 1 0%. In the experiment result of comparat^ 
l^e pres^u^Toss AP was about 300mmAq, the value of which Is extremely large. The paniculate leakage 
^Tu'n^^Jas ab^ut O OOSg/Km, the value of which is extremely small. The ►'<'-y~'^«.''«2^,^^^^^^ ^^T 
7.2Mpa and had an extremely h^h level of mechanical strength. There were no cracks in ,. „ 

roi691 in comparative example 2. the totai volume of the honeycomb filter was greater than that O'anipies 1 -3 
£,d SLs 7 0?0^m3. Which IS two times or greater than the displacement (S.OOOcc). Further, in the produced sintered 
^rsiU«,n cL de honeycomb filter, the pore diameter was 20^m. the porosity was 70%. and through pore 
SSnce rate was15%.lnthe experiment result Of comparative example2.the pressure lossAPwasabout^^ 

tteTalS oTwhtoh is extremely »nail. The panfculate leakage amount was aoout 0.04g/km, the value of which te 
e«rem^ smaM The honeyco,^ filter had a flexural strength of 2.5Mpa and satisfactory mechan«ai strength was not 
Obtained There were no cracks in the honeyccmb filter ^ _^ . ♦w-.-i 

?oSl lric^parat^eexample3,acordierttehoneycombfllterwasprodu 
SLrsfromthemanufacturingmethod of comparative examplesland 2. The ^^^^^ 

was 700cm2. in the honeycomb filter, the pore diameter was 30nm, the porosity was 20%. and the through pore ex- 
^Jnce rate^ms 15% In L experiment result of comparative example 3, the pressure loss AP was about 120mmAq. 
he vSuf ofTlcL ^ ii^e The' partfculate leakage amount was about 0.015g/km. the value of whteh is large. The 
hone^b fiTil^aL flLral stfength of 3. 1 Mpa 

no cracks in the honeycomb filter. , _ - » 

[0171 1 Table 1 shov« the comparison result of examples 5-1 to 5-3 and comparative examples 1 to 3. as descnbed 



above. 



(Experinnent Result) 



t0172l AS apparent from table 1 , it was confimied that exhaust gas passed smoothly through f ' °* ^« 
liters 59 in examples 5-1 to 5-3. Further, the particulate leakage amount was substantially null, and the requ red me- 
chanical strength ot tho honeycomb filter was obtained, in comparison, the required =^^"9^"^ J""' 
eycomb Alter Z obtained in comparative example 1 . However, exhaust gas did "^^^^^^^^^^^ l^^^ 
eycomb filter. Further, in comparison example 2, exhaust gas passed smooth V through the honeycomb filter. However. 
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the required mechanical strength was not obtained. In example 3. exhaust gas did not pass smoothly through the 

honeycomb filter, and the required mechanical strength was not obtained. 

[01731 The advantages of the honeycomb filter 59 of the fifth embodiment will now be discussed. 

5 (1 ) The sintered porous silicon caitoide honeycomb filter 59 is an-anged in the casing e. The honeycomb filter 9 is 

fonned so that the average pore diameter is 5 to iSjim. the average porosity is 30 to 40%, and the through pore 
existence rate relative to the pores is 20% or greater. Since the honeycomb filter 9 is not excessively dense, 
exhaust gas passes smoothly through the interior, and pressure loss is decreased. This in^roves fuel etfiaency 
and prevents deterioration of the driving feel. Further, since the amount of gaps in the honeycomb filter 9 is not 

10 excessive fine particulates are trapped and the trapping efficiency is impnsved. AddiUonaliy. even If the honeycomb 

filters is porous, satisfactoiy mechanical strength is obtained. Thus, the produced honeycomb filter 9 resists break- 
age caused by vibrations and thermal impact. 

(2) The honeycomb filter 9 is formed so that the average pore diameter is 8 to 12um, the average porosity is 35 
»5 to 49%, and the through pore existence rate relative to the pores is 20 to 50% or greater. Thus, the pressure loss 

is further decreased, and the strength is increased. 

(3) The end surfaces of the honeycomb filter 9 so that the sealing bodies 14 seal the cells alternately. The number 
of cells per square inch is 1 20 or more, and the thickness of the cell wall 1 3 is 0.4Smm or less. This increases the 

20 area of contact with the exhaust gas and increases the purification capabiBty of the honeycomb filter 9. 

(4) The total volume of the honeycomb filter 9 is 1 /4 to 2 times the total displacement of the diesel engine 2. Since 
the deposit amount of the particulates does not become excessive, clogging of the honeycombfilter 9 is prevented. 
Further the honeycomb filter 9 is not enlarged. This prevents the occurrence of temperature differences between 

25 different locations of the honeycomo filter 9 during combustion. Accordingly, the themnal stress applied to the 

honeycomb filter 9 Is decreased and cracks are not produced. 

[0174] The fifth embodiment may be modified as described betow. ^ 

30 (a) The fomi of the honeycomb filter 9 is not limited to a cylindrical pole-like shape and may be changed to a 

cylindrical pole-like shape, a triangular pole-like shape, or a iiexagonal pole-Hke shape. 

(b) AS shown in Fig. 22, a plurality (1 5) of honeycomb filters 523 may be integrated to manufacture a ceramic filter 
assembly 521. In each polygonal honeycomb filter 523, the average pore diameter is 8 to I2tim, the average 
35 porosity is 35 to 49%, and 20 to &y% of the pores are through^pores. The outer surfaces of the honeycomb filters 

523 are connected to one another by a ceramic seal layer 522. 

[01751 in a sixth embodiment, a specific surface area of the particles fomiing the ceil wall 13 of the honeycomb fitter 
59 is 0 1m2/g or more, and more specifically. 0.1 to ^mVg. If the specific surface area of the ceil walls 13 is O.lm^/g 
. 40 or less the deposit of the particulates clogs the honeycomb filter 59. This increasee pressure loss and thus d^reases 
the fuel efficiency of the vehicle and degrades the feeling drive. If the specific surface area exceeds 1 .0m2/g, fine 
particulates cannot be trapped. This decreases the trapping efficiency and causes the filtering function of the honey- 
comb filter 59 to become unsatisfactory. 

•M (Example 6-1) 

r01761 A honeycomb fitter 59 was produced basically in the same manner as that of example 5-1 and the specific 
surface area of the particles fomiing the cell wall 13 was 0.3m2/g. In example 6-2 and the comparative example, 
honevcomb filters 59 were produced basically in the same manner as example 5-1 . The specific surface arM of the 
honeycomb filter 59 of example 6-2 was 0.8m2/g, and the specific surface area of the honeycomb filter 59 of the 
comparative example was 0.05m2/g. In each of the honeycomb filters 30 of examples 6-1, 6-2 and the comparative 
example, the cell density was l50/inch2 and the thickness of the cell wall 1 3 was 0.4mm. 
r01771 Thehoneycombfliter59waswrappedbythethertnalinsulative material 10. in this state, the honeycomb fitter 
59 was retained in the casing 8. Adiesel engine 2 having a displacement of about 3,000cc was then used to supply 
55 the exhaust gas purification apparatus 1 with exhaust gas at a flow rate of 9m/sec. In this state, the pressure value of 
the exhaust gas at the upstream side of the honeycomb filter 59 and the pressure value of the exhaust gas at the 
downstream side were measured. A pressure loss (mmAq), which is the difference between the values, was ob- 
tained. The results are shown in table 2. • 
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Example 1 


Example 2 


Comparative Example 


Specific Surface Area (orA'g) 


0.3 


o.e 


0.05 


Particulate Pressure Loss (mmAq) 


180 


120 


250 



[01781 As apparent from table 2, the pressure loss aP of the honeycomb filters 59 in example 6-1 , example 6-2. and 
the comparative example was 180mmAq, 120mmAq, and 250mmAq, respectively. Accordingly. In examples 6-1 and 
6-2 a larae pressure loss such as thai of the comparative example was not conflmied. 
[01791 The honeycomb filter 59 of the sixth embodiment has the advantages described below. 

( 1 ) I n the honeycomb filter 9. the specific surface area of the particles forming the cells wall 1 3 is 0. 1 m^/g or greater 
Since the honeycomb filter 9 does not become excessively dense, exhaust gas passes smoothly though the interior, 
and the pressure loss is decreased. Accordingly, fuel efficiency is Improved and degradation of the driving feel is 
prevented. In addition , the upper limit of the specific surface area of the particles is 1 .Om^/g. Thus, the gap amount 
of the honeycomb filter 9 is not excessive and the trapping of fine particles is ensured. This improves the trapping 
efficiency. 

(2) The sintered silicon carbide cell wall 13 has superior heat resistance. This prevents the ceil wall 13 from being 
deformed or bumed away. Accordingly, fluid is efficiently purified over a long time period. 

(3) The porous ceil wall 13 enables smooth passage of the exhaust gas and further decreases power loss. In 
addition, the trapping efficiency of particulates is further increased, 

ss 

[01801 The sixth embodiment may be modified as described below. 

[0181 ] A plurality (1 6) of honeycomb filters nnay be integrated to manufacture a ceramic filter assembly. The specific 
surface area of the cell wall of each honeycomb filter is 0.1 to Im^/g. 

^ INDUSTRIAL APPLICABILfTY 

[01821 The ceramic fitter assembly of the present invention may be applied to an exhaust gas purification filter of a 
diesel engine 2, a heat exchange device member, a filter tor high temperature fluid or high temperature vapor, etc. 
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Claims 

1 An integral ceramic filter assembly (9) produced by adhering with a ceramic seal layer (15) outer surfaces of a 
plurality of filters (F1). each of which is fomied from a sintered porous ceramic body, the ceramic filter assembly 

being charartero ^^^^ of 0.3mm to 3mm and a thennal conductance of O.IW/mKto lOW/mk. 

2. The ceramic filter assembly according to claim 1 . wherein the seal layer includes 70wt% or less of ceramic fiber 
as a solid. 

3. The ceramic filter assembly according to claim 1 or 2. wherein the seal layer includes ceramic fibers having fiber 
lengths of 100mm or less. 

4. The ceramic filter assembly according to any one of claims 1 to 3, wherein the seal layer includes as a solid 3wt% 
to 80wt% of an inorganic grain, 

5 An integral ceramic fitter assembly (29) produced by adhering with a ceramic seal layer (15) outer surfaces of a 
plurality of elongated polygonal honeycomb filters (F1), each of which Is fomned from a sintered porous ceramic 
body, the ceramic filter assembly being characterized by: 

round surfaces (18) defined on chamfered comers of the outer surface of each honeycomb filter, wherein 
the round surfaces havo a cunfature R of 0.3 to 2.5. 
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A. r^ramir firter assembiv f39) oroduced by adhering with a ceramic seal layer (15) outer surfaces ot a 

pTu^^" meT/p^ t™- - -^""^ '"^^^ ^^'"^ 

'''"^'S^«?o'Snglayer(16)app.tedtotheoutersurtaceottheassembty^ 
circular cross-secBon or generally oval cross-section. 

7. Thecerarnlctlltera88emblyaccord.ngtoclaim6.whereinthesmoothingl^^^ 

8. The ceramic filter assembftr acconJing to claim 6 or e. wherein the seal layer Is thinner than the smoothing layer. 

9. The ceramic filter assembly according to any one of claims 6 to 8. wherein the smoothing layer is made from the 
same material as the seal layer. 

- « A • . .^1 ^^r^^in tiitor «ss6mblv f49) oroduced by adhering with a ceramic seal layer (15) outer surfaces of a 
J.:S'"e^n"^^^^^^^^ « fom^edfrom aslntered pomus ceramic body, the 

''^'^a'r^SriTsrtSrrrrr^^^^^ o, a p«>cessed fiu.d and a f.«er cross-sec«on S In a 

direction perpendicular to the flow direction is 0.06mm/mm2 ,© o.7SmnrVmmz. 
20 ii.Theceramicfllterassemblyaccordlngtoanyoneofcialmsnol0.wherelntheassemblylsadleselparti^ 

12. The ceramic filter assembly accorxJIng to any one of claims 1 to 11 . wherein the filter Is f6m,ed fmm a sintered 
porous silicon carbide body. 

inorganic binder and the organic binder. 

cellulose, and 3wt% to BOwt% of silicon carbide powder. 
15. Theceramicfilterassemblyaccorxlingtoanyoneofcla^sltolA.whereinthefmer^arearrangedinastateofts^^ 
^5 from one anotner in a filter axial direction, 

purlffes fluW including particulates with the cell wall, the ho neycon* filter assembly be.ng characterized .n that. 
40 a specific surface area of grains fomiing the cell wall is 0.1 m^/g or more. 

17. An elongated honeycomb filter (F100) fomied fmm a sintered porous ceramic body, the honeycomb filter being 

"•"TSJrSrbe^een a filter length L in a flow direction of a processed fluid and a filter cross-section S in a 
43 direction perpendicular to the flow direction IS 0.06mm^ to 0.75miTVmm8. 

18. Ahoneycomb filter (F100)fom,edfromasinteredporousceramicbody. the honeycombfllterbeing Characterized 

*^n average pore diameter of the honeycomb filter fe 5 to 15^m. an average porosity is 30 to 50%. and the 
50. honeycomb filter has 20% or more of through pores. 

-. i9.Thehoneycombfilteraecordingtoclaim18.whereintheaverageporediameteris8to12Hm.theaverageporosity 
is 35 to 49%. and the ratio of through pones Is 20 to 50%. 

Xua« S is^20 or more'L the thicicneas of the cell wall defining the cells is 0.46mm or less. 
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21 . A honeycomb Alter (59) having a plurality of cells defined Dy a cell wall (13) and purifying fluid Including particuiates 
with ttie cell wail, the honeycomb fitter being characterized in that: 

a spedflc surface area of grains fomning the cell wall is 0.1 mZ/g or more. 

22. The honeycomb filter according to dalm 21 . wherein the eeU wail is fomied from a sintered silicon carbide body. 

23. The honeycomb filter according to daim 21 or 22. wherein the cell wall is formed from a porous body. 

24 An exhaust gas purification apparatus including a honeycomb filter (59) fomed from a sintered PO™"^ «rarnte 
h^and ai^aed in a casing (8) that Is located in an exhaust gas passage of an mtemal comoustion angme (2) 
n,^inat?^culi«1S^luded in exhaust gas. the exhaust gas purtficatior, apparatus being charaCertx^l In 

an average pore diameter of the honeycomb filter is 5 to 15 urn. an average porosity is 30 to 40%. and the 
honeycomb filter has 20% or more of through pores. 

2B The exhaust aas purification apparatus according to claim 24. wherein the average pore diameter of the hone^rcomb 
ir tf lISJ tJe avera^ porosity is 35 to 49%. and the honeycomb filter has 20 to 50% or more of through 
pores. 

26 The exhaust gas purification apparatus according to claim 24 or 25 comprising a plurality ot ceils inciuding a first 

u^T^l fi^t^nri surface sealed by a sealing body (14) and a second cell adjacent to the first cell by way of 

^rcS^T^^^^^ 

27 The exhaust gas purification apparatus according to any one of claims 24 to 26, wherein the total volume ot the 
honeycomb tifter is 1/4 to 2 times the total displacement of the Internal combustion engine. 
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Fig. 5 
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Fig. 9 
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Fig. 13 
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Fig. 14(b) Fig. 14(c) 
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Fig -15 
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Fig. 20 
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